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Abstract 
The Tasmanides in eastern Australia exhibit a number of orogenic curvatures (oroclines) 
that possibly include a major E-W-trending continental-scale bend marked by the 
continuation of the Delamerian Orogen in the southern Tasmanides and the Thomson 
Orogen in the northern Tasmanides. This thesis aims at providing an insight into the 
geodynamic processes that are associated with the origin of the curvilinear E-W structures 
at the southern and northeastern boundaries of the Thomson Orogen and its significance 
to the Paleozoic tectonic evolution of eastern Australia. According to the working 
hypothesis, the Thomson Orogen represents the northern continuation of the Delamerian 
Orogen, which was subjected to back-arc extension, slab tearing and crustal segmentation 
in response to subduction rollback. This working hypothesis is tested in this thesis by 
investigating geometry and kinematic relationships between major fault systems, 
complemented by new constraints from seismic reflection profiles and potential field data 
on the timing of fault reactivation and the 3D crustal architecture of the Thomson Orogen.  
 
The tectonic evolution of the Tasmanides was predominantly controlled by subduction-
related processes along the margin of eastern Gondwana throughout the Paleozoic and 
part of the Mesozoic. The dominant structural grain within the Tasmanides is ~N-S (in 
present-day coordinates), likely reflecting the general orientation of the plate boundary. 
However, the curvilinear E-W structures of the southern Thomson Orogen are 
approximately orthogonal to this general N-S structural trend of the Tasmanides. 
Interpretation of gridded aeromagnetic data shows that the WNW-, E-W- and/or ENE-
trending structural grains of the southern Thomson Orogen correspond to relatively long 
wavelength linear geophysical anomalies. Kinematic analyses indicate strike-slip (mostly 
dextral) and transpressional deformation along these geophysically-defined faults. 
Structural relationships indicate that many of these faults were active during the 
Benambran (Late Ordovician to middle Silurian) and Tabberabberan (late Early to Middle 
Devonian) orogenies. However, some of the described crustal-scale structures may have 
been initiated in response to the Delamerian (Cambrian) Orogeny. Interpretation of deep 
seismic data shows that the crust of the southern Thomson Orogen is substantially thicker 
than the Lachlan Orogen crust and is separated by the north-dipping Olepoloko Fault. 
 
The earliest deformation event within the Tasmanides is the Delamerian Orogeny. It took 
place in the Cambrian and is recorded in rocks within the Delamerian and northeastern 
Thomson orogens. The Cambrian-Ordovician Warburton Basin covers a vital position 
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within the Tasmanides and masks the boundary between the Thomson Orogen and the 
Delamerian Orogen. Interpretation of 2D seismic reflection transects and potential field 
data show that the curvilinear NE-trending basement reverse faults in the eastern 
Warburton Basin have experienced multiple phases of contractional deformation. Evidence 
for a syn-kinematic Cambrian package (Kalladeina Formation) suggests that faulting was 
initiated in response to the Delamerian Orogeny. Younger deformation events in the 
eastern Warburton Basin include an Early Devonian deformation, which is inferred from K-
Ar geochronology in low-grade (sub-greenschist) metasedimentary rocks. It is suggested 
that the NE-trending Cambrian fold-thrust belt within the eastern Warburton Basin marks 
the northward continuation of the curved Delamerian Orogen.  
 
Results from deep seismic data interpretation show that a large area of the Thomson 
Orogen in the northern Tasmanides is underlain by thinned crust. This thinned crust is 
bounded in the northeast and south by the E-W-trending strike-slip faults that are 
accompanied by widespread Devonian igneous activities. Structural relationships of these 
E-W-trending strike-slip faults at the northeastern and southern boundaries of the 
Thomson Orogen indicate apparent sinistral and dextral sense of kinematics, respectively. 
Within the highly extended crust of the Thomson Orogen, there is evidence for widespread 
Devonian basins bounded by normal faults. In stark contrast to the southern Tasmanides, 
where rocks show evidence for alternating extensional and compressional episodes during 
the late Silurian to Devonian, no evidence for Silurian syn-rift sedimentation is observed in 
the Thomson Orogen. The variation in spatio-temporal relationship between the northern 
vs. southern Tasmanides during the Devonian and the coeval timing for the E-W-trending 
strike-slip faulting and widespread magmatism at the boundaries of the Thomson Orogen 
can be explained by lateral variations in the mobility of the subduction zone. It is possible 
that the crustal stretching in the northern Tasmanides (i.e., the central Thomson Orogen) 
was associated with Devonian back-arc extension in response to trench retreat. At about 
the same time, a similar geodynamic process was likely caused slab tearing and crustal 
segmentation along the E-W-trending dextral and sinistral crustal-scale shear zones in the 
southern and northern boundaries of the Thomson Orogen, respectively.  
 
It is concluded that along-strike variations of the retreating slab was likely a key 
geodynamic process that controlled the tectonic evolution of the Tasmanides. In the 
northern Tasmanides, this process led to back-arc extension and crustal thinning. This 
was accompanied by zones of slab tearing and crustal segmentation at the boundaries of 
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the Thomson Orogen that ultimately led to the development of a curvature (orocline) in the 
Delamerian-Thomson belt. 
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FOREWARD: CHAPTER 1 
 
This thesis focuses on the geodynamic processes associated with 
the tectonic evolution of the Thomson Orogen in eastern Australia 
with emphasis on the origin of the ~E-W-trending structures at the 
southern Thomson Orogen. This chapter provides an overview of the 
Thomson Orogen in the context of other orogenic belts in eastern 
Australia. Here, I will outline the aim and scope of the thesis and 
point out a number of key questions that are addressed in the 
forthcoming chapters.  
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Chapter 1: Introduction 
 
1.1. Introduction 
The eastern third of the Australian continent consists of Cambrian to Triassic subduction-
related orogenic belts, collectively known as the Tasmanides (Figure 1.1a) (Glen, 2005; 
Rosenbaum, 2018). At the global scale, the Tasmanides are the Australian section of the 
Terra Australis Orogen (Cawood, 2005) that developed along the eastern Gondwana 
margin during the Paleozoic (Figure 1.1b).  
 
The orogenic belts of the Tasmanides (Figure 1.1a; Glen, 2005) include the Delamerian, 
Thomson, Lachlan, Mossman (previously named as “North Queensland Orogen”) and New 
England orogens. Among these orogenic belts, the Thomson Orogen occupies a large 
area in the northern Tasmanides (Figures 1.1 and 1.2). However, the tectonic evolution of 
the Thomson Orogen in the context of the Tasmanides is poorly understood due to limited 
exposures (Figure 1.2a). The only coherent exposures are found in the northeastern part 
of the Thomson Orogen (Figure 1.2a) where rocks show evidence for Cambrian 
deformation (Withnall et al., 1996; Fergusson and Henderson, 2013). Evidence for 
equivalent Cambrian deformation is also found in the southwestern Tasmanides 
(Delamerian Orogen) (Foden et al., 2006; Greenfield et al., 2011). The occurrence of 
coeval deformations within rocks that are positioned more than thousand kilometre apart in 
the northern and southern Tasmanides requires a tectonic explanation in order to 
understand the spatio-temporal relationship between the Delamerian and Thomson 
orogens. 
 
Within the Tasmanides, the dominant structural grain is ~N-S. This orientation likely 
reflects the general orientation of the plate boundary. However, a number of large-scale 
~EW-trending structures at the southern and northeastern Thomson Orogen, which are in 
stark contrast to the general ~N-S structural trend, can be observed in geophysical 
datasets (Figure 1.2b, c). The origin and kinematics of these ~E-W structures and their 
geodynamic driving forces are yet to be resolved. 
 
This thesis presents new interpretations of geophysical data (aeromagnetic, gravity and 
seismic reflection data; Figure 1.2), which together constrain the 3D basement 
architecture, kinematics and timing of fault activation in the Thomson Orogen. A particular  
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Figure 1.1. (a) The Tasmanides of eastern Australia in present-day global tectonic setting. (b) Australia and 
Antarctica in their eastern Gondwana configuration (after Boger and Miller, 2004). [Abbreviations: AI - Anakie 
Inlier, BP - Barnard Province, CT - Charters Towers Province, CC - Curnamona Craton, GP - Greenvale 
Province, IRP - Iron Range Province]. 
 
emphasis is made on the origin of the curvilinear ~E-W structures at the southern 
Thomson Orogen. The outcomes of this thesis allow us to better understand the 
geodynamic processes that controlled the early Paleozoic tectonic evolution of eastern 
Australia. 
 
1.2. Geological background 
The Tasmanides (Figures 1.1 and 1.2) developed along the convergent margin of eastern 
Gondwana (Foster and Gray, 2000; Veevers, 2004; Glen, 2005; Glen, 2013; Glen et al., 
2013) following the Neoproterozoic break-up of Rodinia (Li and Powell, 2001). The timing 
of magmatism and orogenesis in the Tasmanides generally becomes younger from west to 
east (Glen, 2005; Rosenbaum, 2018). The orogenic assembly of the Tasmanides has 
been described as an accretionary orogen (Cawood and Buchan, 2007; Glen, 2013) that 
developed behind a continually west-dipping paleo-Pacific plate that was likely been 
subjected to alternating periods of trench retreat and advance (Collins, 2002a).  
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Figure 1.2. (a) Simplified geological map showing major tectonic components (after Glen, 2005), the 
exposed rock units of the Thomson and Delamerian orogens of eastern Australia and location of the 
boreholes in the Thomson Orogen. (b-c) Pseudocolour Bouguer gravity and reduced to pole aeromagnetic 
images of eastern Australia showing the curvilinear ~E-W geophysical structures at the southern Thomson 
Orogen. [Abbreviations: AI - Anakie Inlier, BGS - Bowen-Sydney-Gunnedah basins, BP - Barnard Province, 
CT - Charters Towers Province, CC - Curnamona Craton, GP - Greenvale Province, IRP - Iron Range 
Province, KB - Koonenberry Belt, STO - southern Thomson Orogen].  
 
The Thomson Orogen abuts the North Australian Craton in the northwest, Lachlan and 
Delamerian orogens to the south and Bowen-Gunnedah-Sydney basins to the east (Figure 
1.2). To the west, The Cambrian-Ordovician Warburton Basin (Figure 1.2) covers a vital 
position between cratonic Australia, Thomson and Delamerian orogens. As the majority of 
the Thomson Orogen is concealed under a thick sedimentary cover, information on the 
basement rocks of the Thomson Orogen is mainly available from limited rock exposures, 
drill holes and geophysical data (Figure 1.2) (Finlayson, 1993; Spampinato et al., 2015a; 
Purdy et al., 2018). These basement rocks predominantly consist of a Cambro-Ordovician 
low-grade metasedimentary rocks and magmatic rocks (Withnall et al., 1996; Fergusson et 
al., 2007a; Fergusson et al., 2007b; Fergusson et al., 2007c; Purdy et al., 2016). 
 
The most coherent and well-studied exposures of the Thomson Orogen are located in 
northeastern Queensland (Anakie, Charters Towers and Greenvale provinces; Figure 
1.2a). These rocks show evidence for middle to late Cambrian deformation and 
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metamorphism (Withnall et al., 1995; Withnall et al., 1996; Fergusson et al., 2001; 
Fergusson and Henderson, 2013). The timing of deformation in the northeastern Thomson 
Orogen is approximately equivalent to the timing of deformation in the Delamerian Orogen 
(Glen, 2005; Greenfield et al., 2010; Greenfield et al., 2011; Purdy et al., 2013), thus raises 
the possibility that the north-ward continuation of the Delamerian Orogen is marked by the 
Anakie-Charters Towers-Greenvale provinces. 
 
Most tectonic models for the evolution of the Tasmanides have assumed that orogenesis 
was primarily controlled by west-dipping subduction processes (present-day coordinates) 
along a ~N-S-trending proto-Pacific convergent margin (Veevers, 1984; Fergusson et al., 
1986; Collins, 2002a; Glen, 2005). In such a scenario, the presence of the ~E-W-trending 
structures at the central Tasmanides (i.e., in the area of the Thomson-Lachlan boundary) 
and at the northeastern Thomson Orogen raise fundamental questions on the Paleozoic 
geodynamic evolution of eastern Australia during the Paleozoic. The overarching research 
questions addressed in this project are: (1) What is the spatio-temporal relationship 
between the Delamerian and Thomson orogens (i.e., does the Delamerian Orogen 
continue in to the northern Tasmanides)? (2) What were the possible geodynamic 
and tectonic processes responsible for the development of the curvilinear ~E-W 
structure in the southern and northeastern Thomson Orogen? and (3) what was the 
role of these structures in the evolution of the Tasmanides? 
 
1.3. Aim and objectives 
The aim of this research is to unravel possible tectonic processes responsible for the 
formation of ~E-W structures at the southern Thomson Orogen and their role in the 
Paleozoic tectonic evolution of the Tasmanides. Additional focus is to understand the 
tectonic relationship between the Thomson and Delamerian orogens. To achieve the 
research aim, the project is developed with four specific objectives:  
(1) To understand the geometry, kinematics and reactivation history of the ~E-W-
trending structures at the southern Thomson Orogen; 
(2) To investigate the style of deformation and timing of faulting in the eastern 
Warburton Basin; 
(3) To delineate the structure, kinematics and crustal architecture at the central 
and northern Thomson Orogen; 
(4) To understand the geodynamic process associated with the early Paleozoic 
tectonic evolution of eastern Gondwana. 
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1.4. Working hypothesis  
My working hypothesis is that the Thomson Orogen represents the northern continuation 
of the Delamerian Orogen and was subjected to back-arc extension, slab tearing and 
crustal segmentation in response to subduction rollback (Figure 1.3). According to this 
working hypothesis:  
(1) The ~EW-trending structures at the southern and northeastern 
Thomson Orogen correspond to dextral and sinistral strike-slip faults, 
respectively. They were developed as a result of slab tearing and crustal 
segmentation in response to along-strike variations in subduction rollback; 
(2) Slab retreat also led to crustal thinning in the central part of the 
Thomson Orogen, which was positioned in an extensional back-arc 
setting; 
(3) The differential rates of slab retreat between the northern and southern 
Tasmanides resulted a continental-scale bending in the Thomson-
Delamerian Orogen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3. Schematic diagram showing 
the working hypothesis for the tectonic 
evolution of the eastern Australian 
margin of Gondwana. [Abbreviations: AI - 
Anakie Inlier, BP - Barnard Province, CT 
- Charters Towers Province, GP - 
Greenvale Province, IRP - Iron Range 
Province, KB - Koonenberry Belt]. 
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1.5. Scope of this thesis 
Paleozoic subduction-related orogenic belts along the Gondwana margin occur in Australia 
(Tasmanides), Antarctica, southern Africa and South America (Cawood, 2005). In the 
scope of this thesis, I focus on the northern Tasmanides (Thomson Orogen and Warburton 
Basin), covering a large area in Queensland, northwestern New South Wales and 
northeastern South Australia (Figure 1.2). The area has been chosen because of the 
availability of geophysical data, including newly acquired 2D deep seismic transects at the 
boundary between the North Australian Craton and the northwestern Thomson Orogen.      
 
This research involves analysis of data derived from multidisciplinary fields and includes 
interpretation of 2D seismic reflection profiles, potential field data (Bouguer gravity and 
aeromagnetic data). The emphasis has been given on the structural interpretation, 
kinematic analysis and defining the crustal architectures.  
 
1.6. Thesis layout 
The thesis starts with an introduction (Chapter 1) and a brief overview on the origin of 
orogenic curvatures and orogen-perpendicular structures in different tectonic settings 
(Chapter 2). In the following chapters (Chapters 3-5), I provide results on kinematics and 
timing of faulting in the Thomson Orogen. Each of these chapters is concluded with a 
discussion on the deformation history of the Tasmanides in the context of the working 
hypothesis.  
 
Chapters 3-5 have been written as “stand-alone” research articles. Therefore, there is 
some repetition in the presentation of the geological background. Chapter 3 is already 
published; Chapters 4 and 5 have been submitted for publication. A brief summary of the 
content of each chapter is given in the following section. 
 
Chapter 3 provides interpretation of 2D seismic reflection and potential field data to 
unravel the 3D geometry, kinematic and timing of fault activation associated with the ~E-
W-trending structures at the southern Thomson Orogen. The results provide valuable 
insights on the origin of orogen-perpendicular structures in the central Tasmanides and 
their tectonic implications.  
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Chapter 4 provides constraints on style of deformation in the eastern Warburton Basin. 
This chapter also discusses the spatio-temporal relationship of deformation in the 
Warburton Basin in the context of the tectonic evolution of the Thomson and Delamerian 
Orogen.  
 
Chapter 5 provides insights into the geometry and kinematics of major faults, as well as 
the timing of magmatism and basin formation and crustal architecture in the northern 
Tasmanides. Based on the results, this chapter sheds light on the possible geodynamic 
processes that controlled the tectonic evolution of the eastern Gondwana margin. 
 
Chapter 6 synthesizes the conclusions drawn from each of the chapters of this research. 
Finally, this chapter discusses several possible research topics for future work. 
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FOREWARD: CHAPTER 2 
 
Orogenic curvatures (oroclines) and orogen-perpendicular structures 
can be observed in many orogenic systems including the orogenic 
belts of the Tasmanides. This chapter provides an overview on 
geodynamic models for the origin of orogenic curvatures and orogen-
perpendicular structures in different tectonic environments. The 
chapter benefited from discussion with my supervisor Gideon 
Rosenbaum.
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Chapter 2: Geodynamic models for the origin of orogenic curvatures 
 
2.1. Introduction 
Large scale orogenic curvatures and orogen-perpendicular shear zones are common in 
both modern and ancient orogenic systems (Eldredge et al., 1985; Marshak, 1988; Van 
der Voo, 2004; Xiao et al., 2010; Rosenbaum, 2014; Musgrave, 2015; Rosenbaum, 2018). 
A number of mechanisms have been suggested for the origin of curved orogenic belts and 
orogen-perpendicular structures, including indentation of a rigid crustal block (Tapponnier 
et al., 1982; Regenauer-Lieb, 1996),  along-strike variations of retreating slab (Schellart 
and Lister, 2004), and slab tearing (Govers and Wortel, 2005; Moresi et al., 2014; 
Rosenbaum, 2014).  
 
In the Tasmanides, a number of orogenic curvatures and orogen-perpendicular structures  
have been inferred based on the interpretation of geophysical data (see Figure 1.2b,c in 
Chapter 1)  (Musgrave, 2015). Key geodynamic processes that are controlling these 
structures have been linked to terrane accretion (Moresi et al., 2014), strike-slip faulting 
(Murray et al., 1987; Cawood et al., 2011), and trench retreat (Rosenbaum, 2012; Li et al., 
2014; Shaanan et al., 2015) or a combination of these processes (Moresi et al., 2014). 
Understanding the mechanisms for the origin of such structures in the Tasmanides can 
provide important insights into Paleozoic plate reconstruction. 
 
In this chapter, I provide a brief overview of the classification of curved orogenic belts, 
followed by a discussion on tectonic models responsible for orogenic curvatures in 
different tectonic settings. A special emphasis is given to the process of slab tearing and 
crustal segmentation in response to along-strike variations in the rate of trench retreat. 
 
2.2. Classification of curved orogenic belts 
Weil and Sussman (2004) proposed a classification scheme for curved orogenic belts 
based on the relationship between primary orientation of major thrusts and folds and 
secondary imposed curvature. According to this classification, the three broad categories 
of curved orogenic belts are: (1) primary arcs, (2) progressive arcs, and (3) oroclines 
(Figure 2.1).  
 
Primary arcs (Figure 2.1a) adopt their curvature during the initial phase of deformation 
without any notable vertical-axis rotation (Weil and Sussman, 2004). A progressive arc  
11 
 
 
Figure 2.1. Schematic sketches show evolution of a primary arc into an orocline. (a) Development of a 
primary arc. (b) Bending of the thrust sheets and folds (i.e., progressive) in response to continued application 
of same stress field responsible for primary orogenesis. (c) Origin of an orocline or curved orogenic belt in 
response to the subsequent application of an orogen-parallel maximum compressional stress resulting a 
vertical axis of rotation (after Johnston et al., 2013; Weil et al., 2013). 
 
either acquires its arcuate nature contemporaneously with the growth of the orogenic belt 
or acquires a portion of its curvatures during a subsequent deformation phase (Figure 
2.1b) (Weil and Sussman, 2004). The angle of secondary rotation about a vertical-axis in a 
progressive arc is always less than the total measured curvature of the belt’s generalized 
structural trends. The term “orocline” was introduced by Carey (1955), who defined an 
orocline as a bend or curvature of an originally quasi-linear orogenic belt that was 
subjected to bending during subsequent deformation events (Figure 2.1c). Oroclinal 
bending involves rotations along vertical axes and a curvature of the structural grain 
(Figure 2.1c).  
 
2.3. Mechanisms for oroclinal bending 
A number of mechanisms have been suggested to explain the origin of orogenic curvature. 
Some of these models are related to deformation in thin-skinned fold-thrust belts (e.g., in 
the Appalachian fold-thrust belts; Marshak, 1988, 2004), whereas others involve bending 
of the entire crust and lithosphere (thick-skinned oroclines). There are two major 
hypotheses for the development of thick-skinned oroclines. The first hypothesis links the  
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Figure 2.2. Schematic diagrams show possible changes of (a) a linear EW Africa-Europe plate boundary in 
to (b-d) curved oroclinal bending. Geodynamic processes for such oroclinal bending may be associated with 
the variations in the rates of plate boundary migration; such as, (b) indentation, (c) trench retreat and (d) 
lithospheric-scale tear faulting (due to trench retreat perpendicular to the plate convergence) (after 
Rosenbaum, 2014). 
 
formation of oroclines to buckling of the whole lithosphere in response to orogen-parallel 
compression (Figure 2.1c) (e.g., Gutiérrez-Alonso et al., 2012; Johnston et al., 2013; Weil 
et al., 2013). Alternatively, orogenic curvatures can form in the process of bending in 
response to orogen-perpendicular forces imposed by variations in the rates of plate 
boundary migration (Figure 2.2) (e.g., Schellart and Lister, 2004; Moresi et al., 2014; 
Rosenbaum, 2014). 
 
2.3.1. Oroclinal bending in response to indentation 
A rigid indenter can impose orogenic curvature on a pre-existing linear fold-thrust belt 
(Weil and Sussman, 2004). Such an indenter can be a microcontinent, island arc, oceanic 
plateau, cratonic promontory.  
 
Strain resulting from indentation forms a curve pattern, which involves strike-slip faults that 
accommodate a tectonic escape towards the free boundaries and opposite-sense rotations 
around vertical axes (Figure 2.3). The geometry and scale of the orocline depend on the 
indenter width, the amount of indentation, the rate of convergence velocity, the rheological 
contrast between the colliding plates, and the exact geometry of the contacts. The 
diagnostic features of oroclines in response to indentation are: (1) a curved convex 
geometry towards the direction of indentation; (2) pronounced contractional deformation in 
the collisional zone; and (3) strike-slip faulting and escape-tectonic structures that move 
material sideways towards the free boundaries (Rosenbaum, 2014).  
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Figure 2.3. A schematic illustration shows the experimental model for the formation of indenter-induced 
oroclinal bending (a) in the curved Himalayan Arc (b) (after Tapponnier et al., 1982). 
 
A well-known example for oroclinal bending in response to indentation is the India-Asia 
collisional belt (Figure 2.3) (Tapponnier and Molnar, 1976) where, the rigid Indian block 
indented into the southern margin of Eurasian Plate, resulting in bending of the orogenic 
belt and uplift of the Tibetan Plateau (Rumelhart et al., 1999; Yin, 2010). Analogue 
modelling by Tapponnier et al. (1982) shows the progressive development of curved 
structures in response to indentation (Figure 2.3b). Paleomagnetic data from the eastern 
and western curvatures of the Himalayas show evidence for block rotations around vertical 
axis (Klootwijk et al., 1985; Rumelhart et al., 1999). 
 
2.3.2. Oroclinal bending in response to trench retreat 
Along-strike variations in the rates of slab rollback could lead to a progressive bending of 
subduction systems (Figures 2.2c,d and 2.4b). The key driving force for slab rollback is the 
negative buoyancy of subducting slabs, which can pull the slab in the opposite direction of 
subduction and further drive rollback-induced upper mantle flow (Garfunkel et al., 1986; 
Schellart and Lister, 2004). This mechanism can lead to rapid changes in the geometry of 
the plate boundary unless the process is stalled by the arrival of buoyant material at the 
subduction zone (Rosenbaum and Mo, 2011), or compensated by faster convergence 
(Schellart, 2008).  
 
Retreating subduction systems are commonly accompanied by back-arc extension in the 
overriding plate (Dewey, 1980; Jarrard, 1986; Heuret et al., 2007; Schellart and Moresi, 
2013), which is expressed by crustal thinning, sedimentary basin formation, extensional 
faulting and high heat flow (Hyndman et al., 2005). Major diagnostic features of oroclines 
in response to trench retreat include: (1) widespread back-arc extension in the concave  
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Figure 2.4. Schematic diagrams show the formation of oroclinal bending in response to progressive 
asymmetric trench retreat, slab rollback and back-arc basin opening in top view (top) and 3D perspective 
view (bottom) (after Schellart et al., 2002; Stephenson and Schellart, 2010). (a) Initial state of a linear 
subduction zone; (b) beginning of rollback between two points where subducting slab is resisting to roll back; 
one end evolves into transform plate boundary due to formation of sub-vertical tear in subducting slab, while 
the other becomes a hinge-point around which the arc rotates; (c) subsequent growth of tear fault and 
rotation around hinge-point.  
 
side of the orocline; and (2) evidence for temporal changes in the position of the supra-
subduction system (forearc, arc and back-arc), following the plate boundary migration 
trajectories (Rosenbaum, 2014). 
 
Trench retreat is arguably one of the most important mechanisms for oroclinal bending 
(Faccenna et al., 2004; Rosenbaum and Lister, 2004b; Royden and Papanikolaou, 2011). 
One example of oroclinal bending in response to the trench retreat is the arcuate orogenic 
belts in the Mediterranean area (Rosenbaum and Lister, 2004b; Carminati et al., 2012). 
 
2.3.3. Oroclinal bending in response to slab tearing  
Along-strike variations of retreating trench can also result in the development of slab tear 
faults (Figures 2.2d, 2.4c and 2.5) (Govers and Wortel, 2005; Rosenbaum et al., 2008). 
Slab tearing may involve propagation of vertical or sub-vertical tear faults leading to 
subduction segmentation (Rosenbaum et al., 2008; Gasparon et al., 2009). Slab tearing 
usually occurs at the edges of retreating subduction zones and/or in cases when the rates  
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Figure 2.5. Progressive evolution of (a) Calabria and (b) Melanesia subduction zones, showing the formation 
of back-arc basins, curved orogens and/or orogen-perpendicular structures in response to the progressive 
retreat of subduction zone and subsequent slab tearing (after Schellart et al., 2007).  
 
of trench retreat along strike are not uniform (Govers and Wortel, 2005; Rosenbaum et al., 
2008; Hale et al., 2010). 
 
A number of different mechanisms are associated with oroclinal bending due to slab 
tearing. Tearing of subduction zones is also kinematically controlled by trench retreat and 
back-arc extension, which can result in oroclinal bending accommodated by overriding-
plate block rotations (Figure 2.4). The process of oroclinal bending is further amplified by 
slab tearing that creates narrower slab segments and accelerates rates of trench retreat 
(Dvorkin et al., 1993). Slab tearing will facilitate this process by enhancing pathways for 
mantle toroidial flow and creating smaller-scale convection cells (Faccenna and Becker, 
2010). This mantle toroidial flow could push subducting slab convex oceanward, allowing 
opposite-sense rotations and further tightening of oroclinal structures (Schellart and Lister, 
2004; Loiselet et al., 2009).  
 
The diagnostic features associated with the oroclinal bending assisted by slab tearing are: 
(1) a tight orogenic curvature; (2) occurrence of tear-related magmatism along the limb(s) 
of the orocline(s); and (3) syn-oroclinal strike-slip faulting. Examples for oroclinal bending 
in response to tearing includes the Calabrian arc (Figure 2.5a) (Rosenbaum and Lister, 
2004a) and Melanesian arc (Figure 2.5b) (Schellart and Lister, 2004; Schellart et al., 
2007). 
 
2.3.4. Strike-slip faulting 
Strike-slip faulting at transform plate boundaries can lead to a large-scale oroclinal 
bending (Montes et al., 2012). One example is the oroclinal bending in response to the 
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dextral strike-slip motion on the Alpine Fault (Figure 2.6), the transpressional plate 
boundary between the Australian and Pacific plates in New Zealand (Kamp, 1987). The 
dextral motion resulted in an orocline with its two limbs separated by 440 km of 
displacement on the Alpine Fault (Cox and Sutherland, 2007). In the northernmost South 
Island (the Marlborough region; Figure 2.6), ~100° clockwise rotation was proposed at 
~25-8 Ma based on paleomagnetic data (Hall et al., 2004). Similar curved structures are 
also recognized along the San Andreas Fault in western North America (McWilliams and 
Li, 1985). 
 
Figure 2.6. Schematic illustration of the progressive evolution of New Zealand orocline in response to the 
strike-slip motion of the Alpine Fault (after Kamp, 1987). 
 
2.4. Conclusion 
Orogenic curvatures (oroclines) and orogen-perpendicular structures provide valuable 
information on plate-boundary reconstruction for both ancient and modern orogenic belts. 
The mechanisms for the origin of such structures could be diverse. Key geodynamic 
processes that are controlling the formation of such structures are the indentation of rigid 
blocks, along-strike variations in trench retreat, slab tearing, and strike-slip faulting. 
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FOREWARD: CHAPTER 3 
 
This chapter aims to unravel the 3D geometry and kinematics of 
major fault systems that correspond to the E-W-trending geophysical 
features at the central Tasmanides and to understand their 
implications for the tectonic evolution of eastern Australia. This work 
benefited from discussions with Gideon Rosenbaum. The chapter 
also benefited from critical review by Peter Betts and an anonymous 
reviewer. The chapter has been slightly modified based on a paper 
published in Tectonophysics*. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Abdullah, R., and Rosenbaum, G., 2017, Orogen-perpendicular structures in the central Tasmanides and 
implications for the Paleozoic tectonic evolution of eastern Australia: Tectonophysics, v. 694, p. 444-
463.
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Chapter 3: Orogen-perpendicular structures in the central Tasmanides and 
implications for the Paleozoic tectonic evolution of eastern Australia 
 
 
Abstract 
The curvilinear ~E-W structures of the southern Thomson Orogen are approximately 
orthogonal to the general ~N-S structural trend of the Tasmanides of eastern Australia. 
The origin of these orogen-perpendicular structures and their implications to tectonic 
reconstructions of eastern Gondwana are not fully understood. Here I use geophysical 
data to unravel the geometry, kinematics and possible timing of major structures along the 
boundary between the Thomson Orogen and the southern Tasmanides (Delamerian and 
Lachlan orogens). Aeromagnetic data from the southern Thomson Orogen show WNW, E-
W and/or ENE trending structural grains, corresponding to relatively long wavelength linear 
geophysical anomalies. Kinematic analyses indicate strike-slip and transpressional 
deformation along these geophysically defined faults. Structural relationships indicate that 
faulting took place during the Benambran (Late Ordovician to Middle Silurian) and 
Tabberabberan (late Early to Middle Devonian) orogenies. However, some of the 
described crustal-scale structures may have developed in the Cambrian during the 
Delamerian Orogeny. Interpretation of deep seismic data shows that the crust of the 
southern Thomson Orogen is substantially thicker than the Lachlan Orogen crust, which is 
separated from the Thomson Orogen by the north-dipping Olepoloko Fault. A major 
lithospheric-scale change across this boundary is also indicated by a contrast in seismic 
velocities. Together with evidence for the occurrence of Delamerian deformation in both 
the Koonenberry Belt and northeastern Thomson Orogen, and a significant contrast in the 
width of the northern Tasmanides versus the southern Tasmanides, it appears that the 
southern Thomson Orogen may represent the locus of orogen-perpendicular 
segmentation, which may have occurred in response to along-strike plate boundary 
variations. 
 
3.1. Introduction  
Orogenic belts commonly show evidence for large-scale orogen-perpendicular shear 
zones, but the origin of these structures is not always fully understood. Such structures 
may correspond to along-strike segmentation of fold-thrust-belts (Kley et al., 1999), or to 
plate boundary segmentation in response to trench retreat (Govers and Wortel, 2005; 
Rosenbaum et al., 2008). Alternatively, large orogen-perpendicular structures may 
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correspond to earlier crustal structures that formed prior the development of the dominant 
orogenic structural grain. In any case, the recognition of large-scale orogen-perpendicular 
structures is indicative of a strongly heterogeneous crustal architecture that may have 
resulted from a complex history of deformation. 
 
The Tasmanides in eastern Australia (Figure 3.1a) is an assembly of Paleozoic to early 
Mesozoic orogenic belts, normally subdivided into the Delamerian, Lachlan, Thomson, 
Mossman and New England orogens (Glen, 2005). The structural grain of the Tasmanides 
is generally ~N-S, in accordance with the orientation of the paleo-Pacific plate boundary 
(Fergusson et al., 1986; Collins, 2002a; Glen, 2005). In detail, however, the structure of 
the Tasmanides is more complex, involving a number of orogenic-scale curvatures 
(oroclines) (Rosenbaum et al., 2012; Musgrave, 2015) and orogen-perpendicular 
structures. The latter are particularly prominent along the boundary between the southern 
Thomson Orogen and the Lachlan and Delamerian orogens (Figure 3.1a), where a 
curvilinear ~E-W structural trend contrasts the dominant ~N-S tectonic grains of the 
Tasmanides (Figure 3.1b,c). The origin of these (~E-W) structural features is controversial 
(Burton, 2010; Glen et al., 2013; Klootwijk, 2013; Burton and Trigg, 2014; Glen et al., 
2014), partly because of the very limited exposure of the Thomson Orogen in central 
Queensland and northwestern New South Wales (Figure 3.1a). The vast sedimentary 
cover of the Thomson Orogen means that our understanding of this orogen is mainly 
derived from geophysical interpretation and sparse drill holes (Finlayson and Leven, 1987; 
Finlayson et al., 1988; Finlayson et al., 1990b; Finlayson, 1993; Spampinato et al., 2015b; 
Purdy et al., 2016) (Figure 3.1b,c). Nevertheless, this part of the Tasmanides may provide 
fundamental information on the Paleozoic tectonic evolution of eastern Australia. In 
particular, key questions on the crustal architecture of the Tasmanides could be resolved if 
we understand the origin of the ~E-W structures in the southern Thomson Orogen.  
 
The aim of the paper is to unravel the 3D geometry of crustal-scale structures along the 
boundary between the southern Thomson, Delamerian and Lachlan orogens, and to 
understand the possible tectonic implications of these structures. Here, I use a 
combination of 2D seismic reflection profiles, aeromagnetic data, and gravity data to 
determine the structural trends, geometry and kinematics of major fault systems along the 
Thomson-Delamerian-Lachlan boundary. These crustal-scale structures are then 
discussed in the context of the geodynamic evolution of the Tasmanides. 
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Figure 3.1. (a) Simplified geological map showing major tectonic elements in eastern Australia. (b) 
Pseudocolour Bouguer gravity anomaly and (c) Pseudocolour RTP aeromagnetic images showing curvilinear 
~E-W geophysical features at the southern Thomson Orogen. Black dots indicate borehole locations (1 - DIO 
Adria Down 1, 2 - GSQ Maneroo 1, 3 - AMX Toobrac 1, 4 - BEA Coreena 1, 5 - PPC Carlow 1, 6 - PPC 
Gumbardo 1, 7 - GSQ Mitchell 1, 8 - AOP Alba 1, 9 - Eromanga 1, 10 - Thargomindah 1, 11 - DIO Ella 1, 12 - 
Brewarrina 1) [abbreviations: AI - Anakie Inlier, BP - Barnard Province, BGS - Bowen-Gunnedah-Sydney 
Basins, CB - Cooper Basin, CC - Curnamona Craton, CT - Charters Towers, GP - Greenvale Province, KB - 
Koonenberry Belt, LESZ - Louth-Eumarra Shear Zone; MA - Macquarie Arc; OF - Olepoloko Fault]. 
 
3.2. Geological setting 
The Tasmanides of eastern Australia (Figure 3.1a) represent a prolonged history of 
subduction along the Gondwanan margin from the Cambrian to Triassic (Foster and Gray, 
2000; Veevers, 2004; Glen, 2005; Glen et al., 2013). The timing of orogenesis generally 
becomes younger from west to east. The orogenic assembly has been described as an 
accretionary orogen (Cawood et al., 2011) that has been subjected to alternating periods 
of trench retreat and advance (Collins, 2002a). The most pronounced orogenic cycles are 
known as the Delamerian Orogeny (~515-490 Ma) (Foden et al., 2006), Benambran 
Orogeny (~460-425 Ma), Tabberabberan Orogeny (~390-380 Ma), Kanimblan Orogeny 
(~360-340 Ma) (Cas, 1983; Coney et al., 1990; Glen, 1992; Gray and Foster, 1997; 
Thalhammer et al., 1998; Veevers, 2000; Glen, 2005) and Hunter-Bowen Orogeny (~260-
230 Ma) (Fergusson, 1991; Holcombe et al., 1997).  
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The Delamerian Orogen is exposed along the state border between South Australia and 
Victoria (Figure 3.1a) and farther north in the Koonenberry Belt (southwestern New South 
Wales). The latter constitutes the western section of the ~E-W gravity anomalies along the 
boundary with the southern Thomson Orogen (Figures 3.1 and 3.2). The three distinct 
NNW-trending structural domains of the Koonenberry Belt are: a) Bancannia Trough to the 
west; b) Wonnaminta Zone in the middle; and, c) Kayrunnera Zone to the east (Figure 
3.2a). Ediacaran to Early Ordovician successions of the Koonenberry Belt represent an 
early episode of deposition on a continental passive margin and a later phase of arc 
volcanism (Mount Wright Volcanic Arc) (Greenfield et al., 2010; Greenfield et al., 2011; 
Johnson et al., 2016). The Ediacaran to middle Cambrian rocks were deformed in 
response to contractional events associated with the Delamerian Orogeny (Greenfield et 
al., 2010). In the northeastern part of the Koonenberry Belt, Cambro-Ordovician packages 
occur above a post-Delamerian angular  unconformity (Webby, 1978). These rocks record 
younger phases of deformation associated with the Benambran, Tabberabberan and 
Kanimblan orogenies (Neef, 2004; Greenfield et al., 2010). Another province within the 
region is the Warburton Basin, which is located northwest of the Koonenberry Belt (Figure 
3.1a). This basin is interpreted to be a Cambrian-Ordovician back-arc basin (Radke, 
2009). The Warburton Basin is covered by Late Carboniferous to Mesozoic sedimentary 
rocks of the Cooper, Pedrika and Eromanga basins (Purdy et al., 2013). 
 
Cambrian to Carboniferous rocks in the Lachlan Orogen (Figure 3.1a) record Benambran, 
Tabberabberan and Kanimblan deformation (Coney et al., 1990; Glen, 1992; Veevers, 
2000; Glen, 2005). In the northern Lachlan Orogen, the major stratigraphic successions 
include: 1) Lower-Middle Ordovician metamorphosed turbidites of the Girilambone Group 
(Burton, 2010; Burton et al., 2012); 2) Lower Devonian rocks of the Cobar Supergroup 
(Glen et al., 1996); and 3) late Lower Devonian to Upper Devonian rocks of the Mulga 
Downs Group (Carty and Moffitt, 2001; Hegarty, 2011) (Figures 3.2c and 3.3). Silurian to 
Devonian I- and S-type granitoids are intruded into the metasedimentary successions of 
the Lachlan Orogen (Figures 3.2c and 3.3) (Black, 2006; Blevin, 2011; Hegarty, 2011; 
Fraser et al., 2014). In the east-central Lachlan Orogen, the ~N-S trending Ordovician to 
Early Silurian Macquarie Arc is a key component (Figure 3.1b,c), comprising of mafic to 
intermediate volcanic rocks, volcanoclastic rocks, and interbedded limestone and chert 
(Glen et al., 2002; Fergusson, 2009). 
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Figure 3.2. (a) Bouguer gravity map (illuminated from northeast) showing major gravity trends (white dashed 
lines) in the southern Thomson Orogen and surrounding area. (b) Pseudocolour RTP aeromagnetic image of 
the study area (illuminated from northeast) showing major structural features. (c) Solid geology map 
interpreted from geophysical datasets (modified after Hegarty, 2010, 2011). [abbreviations are: BF - Boomi 
Fault; BT - Bancannia Trough; CB - Cooper Basin; CC - Curnamona Province; CF - Culgoa Fault; CTO - 
Central Thomson Orogen; KF - Koonenberry Fault; KuF - Kulkyne Fractures; KZ - Kayrunnera Zone; LESZ - 
Louth-Eumarra Shear Zone; LF - Lawrence Fault; LMF - Little Mountain Fault; MoF - Mount Oxley Fault; NF - 
Niccamucca Fault; NLO - Northeast Lachlan Orogen; NR - Nebine Ridge; NT - Nelyambo Trough; STO - 
Southern Thomson Orogen; OF - Olepoloko Fault; PF - Purnanga Fault; TF - Tongo Fault; ToF - Torowoto 
Fault; WZ - Wonnaminta Zone; WiF - Willara Fault; F1, F2 and F3 - Unnamed faults] 
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Figure 3.3. Simplified time-space diagram of the study area [Data sources: 1. Black (2006), 2. Black (2007), 
3. Bodorkos et al. (2013), 4. Bultitude and Cross (2012), 5. Cross et al. (2015), 6. Draper (2006), 7. 
Fergusson et al. (2001), 8. Fergusson et al. (2007c), 9. Fergusson and Henderson (2013), 10. Foden et al. 
(2006), 11. Fraser et al. ( 2014), 12. Glen et al. (1996), 13. Glen (2005), 14. Glen et al. (2010), 15. Glen et al. 
(2013), 16. Glen et al. (2014), 17. Greenfield et al. (2010), 18. Hegarty (2011), 19. Henderson (1983), 20. 
Henderson et al. (2011), 21. Kositcin et al. (2015a), 22. Percival (2010), 23. PISA (2006), 24. Withnall and 
Henderson (2012), 25. Withnall et al. (1995), 26. Withnall et al. (1996)]. 
 
The Thomson Orogen (Figure 3.1a) comprises of Cambrian-Ordovician metasedimentary 
and Silurian to Devonian igneous rocks (Figures 3.2c and 3.3). Limited rock exposures 
that are thought to be parts of the basement of the Thomson Orogen occur along the 
northeastern edge of the orogen (Anakie, Charters Towers, Greenvale and Barnard 
provinces; Figure 3.1a) (Fergusson and Henderson, 2013; Purdy et al., 2013; Purdy et al., 
2016). Neoproterozoic metasedimentary rocks of these provinces record Cambrian (~510-
500 Ma) deformation and greenschist-amphibolite facies metamorphism (Withnall et al., 
24 
 
1995; Withnall et al., 1996; Fergusson et al., 2001; Nishiya et al., 2003; Fergusson and 
Henderson, 2013; Verdel et al., 2016). Evidence of younger contractional deformation has 
also been recognized in the Anakie Inlier and interpreted to be associated with the 
Benambran Orogeny (Fergusson and Henderson, 2013). 
 
A prominent geophysical feature south of the Anakie Inlier is the Nebine Ridge, which is 
defined by a broad gravity and subsurface basement high (Figure 3.2a) (Purdy et al., 
2013). Basement cores from Nebine Ridge show multiply deformed metamorphic rocks 
ranging from lower-greenschist to amphibolite facies, similar to the rocks found in the 
Anakie-Charters Towers provinces (Murray, 1994; Withnall et al., 1995). Maximum 
constraints on the depositional age of metasedimentary rocks from the Nebine Ridge are 
520±10 Ma (Kositcin et al., 2015a). 
 
The Anakie-Charters Towers-Greenvale provinces (and possibly the Nebine Ridge in the 
subsurface) record deformation equivalent to the Delamerian Orogeny in the Koonenberry 
Belt. This raises a question on the spatial link between the Koonenberry Belt (i.e., the 
Delamerian Orogen) and the outcrops of the Thomson Orogen farther to the northeast. 
The possible link between these regions is the southern Thomson Orogen, which was 
interpreted by Glen et al. (2013) as comprising a Neoproterozoic basement. The 
interpretation was based on a relatively small number of Neoproterozoic (~577 Ma) U-Pb 
zircon ages from the Warraweena Volcanics. However, whether or not these ages 
represent the timing of magmatism is a matter of debate (see Burton and Trigg, 2014).  
 
The nature of the Thomson-Lachlan boundary is also controversial (Burton and Trigg, 
2014; Glen et al., 2014). Some authors suggested that the boundary is represented by the 
Olepoloko Fault and Louth-Eumarra Shear Zone (Figures 3.1c and 3.2b) (Murray and 
Kirkegaard, 1978; Stevens, 1991; Glen et al., 1996; Glen, 2005; Glen et al., 2013). The 
distinction was made based on the ~E-W structural discordance at the southern Thomson 
Orogen recognized in gravity and aeromagnetic data (Figures 3.1b, c and 3.2a, b). In 
contrast, Burton and Trigg (2014) and Burton (2010) have argued that these ~E-W 
structures reside exclusively within the Lachlan Orogen and do not represent the actual 
boundary between the Thomson and Lachlan orogens. Dunstan et al. (2016) have recently 
shown that a substantial component of dextral kinematics has been accommodated along 
the Louth-Eumarra Shear Zone and related structures. Nonetheless, the kinematics of 
many other crustal-scale structures remains unresolved.  
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3.3. Methods 
Potential field (gravity and magnetic) data can provide insights into crustal architecture and 
terrane analyses, and are specifically vital for investigating regions of limited rock 
exposures (Whiting, 1986; Jessell and Valenta, 1996; Gunn et al., 1997; McLean and 
Betts, 2003; McLean et al., 2008; Stewart and Betts, 2010). Although interpretation of 
gravity and aeromagnetic data does not necessarily provide unique solutions (Betts et al., 
2003; McLean and Betts, 2003; McLean et al., 2008; Stewart and Betts, 2010), the 
combined use of geological and geophysical constraints, such as borehole and seismic 
data, may significantly reduce the ambiguity, and serve as a powerful tool for investigating 
inaccessible terranes. 
 
In order to identify and interpret major lineaments, I have used gridded aeromagnetic data 
with spatial resolution of 50, 80, 250 and 400 m, and gravity data with spatial resolution of 
500, 800 and 1000 m, provided by the Geological Survey of Queensland, Geological 
Survey of New South Wales and Geological Survey of South Australia. A number of data 
processing and image processing algorithms (Table 3.1) were applied to gravity and 
magnetic data (using Geosoft’s Oasis MontajTM software) in order to enhance or remove 
wavelengths in the datasets and highlight different crustal levels. The gridded potential 
field datasets allowed us to recognize geophysically defined faults. Fault kinematics was 
interpreted based on offset and dragging of anomalous features. 
 
Three regional deep seismic transects (99AGS C1, 05GATL 1 and 05GATL 2) and one 
shallow seismic transect (DMR 98-02) were used to complement the structural 
interpretation of the potential field data and to define crustal architectures. These seismic 
data were obtained from Geoscience Australia and Geological Survey of New South 
Wales. The seismic sections are migrated and displayed assuming an average crustal 
velocity of 6 km s-1, which provided a vertical to horizontal scale of approximately 1:1. 
Seismic impedance and reflection geometry allow us to recognize the mantle (almost 
reflection free), crust (reflective lower crust and weakly reflective upper crusts) and 
sedimentary packages (parallel to sub-parallel reflectors with fair continuity). Faults can be 
interpreted based on the offset of a prominent reflector (or a reflection package), and 
onlapping reflection configurations allow the recognition of syn-kinematic packages. 
 
 
26 
 
Table 3.1. Nomenclature, definition and use of selected methods of processing and 
imaging Bouguer gravity and aeromagnetic data. 
 Description Application 
Data processing 
Reduced-to-
pole (RTP) 
An algorithm that applied on TMI gridded data 
to remove the effects of magnetic inclination 
and declination of the main field on the 
anomaly shapes. 
Locating anomalies directly above their possible 
sources to show the true geometry of the magnetic 
bodies (Swain, 2000; Cooper and Cowan, 2005). 
Tilt derivative The arc tangent of the ratio of first vertical 
derivative and the total horizontal derivative, 
irrespective of the amplitude or wavelength of 
the geophysical anomalies. 
Improving vertical contacts between the source bodies 
(geological edges and fault lineaments for both deep 
and shallow features) and geophysical responses of 
weak anomalies (Miller and Singh, 1994). 
Upward 
continuation 
Bringing the plane of measurement farther 
from the source. 
Suppressing the shallower features and highlighting 
deep structural features (Gibert and Galdeano, 1985).  
Image processing 
Colour-
shaded image 
Overlaying a colour table of the data with 
shaded greyscale image of the same dataset. 
Providing colour and textural ranges that allow the 
differentiation between geophysical domains (Stewart 
and Betts, 2010). 
Composite 
image 
Layering of two different datasets or 
differently processed images. 
Enabling correlation of spatially coincident features 
within the datasets (Stewart and Betts, 2010). 
 
3.4. Results 
3.4.1. Koonenberry Belt 
3.4.1.1. Bancannia Trough 
The Bancannia Trough is the westernmost part of the Koonenberry Belt. It is characterized 
by a broad gravity low (Figures 3.2a and 3.4a) that likely reflects a thick succession of 
sedimentary or metasedimentary rocks within the trough. Large prominent magnetic 
anomalies parallel to the axis of the trough (Figures 3.2b and 3.4b) may correspond to 
rocks with high magnetic susceptibilities (e.g., volcanic rocks) that possibly occur below 
the sedimentary successions. 
 
The seismic transect (99AGS C1, Figure 3.4c,d) shows that the Bancannia Trough is 
separated from Precambrian rocks (Curnamona Craton; Figure 3.1a) by a steeply 
northeast-dipping normal fault that extends down to ~0.5-7.0 seconds TWT (Figure 3.4d). 
At an approximate depth of 30-40 km (10-13 seconds TWT, Figure 3.4), this fault merges 
with a major gently northeast-dipping structure, named Bancannia Shear Zone. In the 
eastern part of the Bancannia Trough, a steeply southwest-dipping fault is recognized.  
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Figure 3.4. (a) 2D deep seismic reflection profile 99AGS C1, and (b) geological interpretation of the seismic 
profile showing the geometry of major faults in the Koonenberry Belt. 
 
Interpretation of the seismic transect (Figure 3.4d) across the Bancannia Trough shows a 
very weak shallowly southwest-dipping reflection package at ~40-45 km depth (~13-15 
seconds TWT), which corresponds to the Moho. Above the Moho, the crust is 
characterized by non-reflective to weakly reflective packages (at ~3-12 seconds TWT). 
However, few reflectors (at ~2.5-5.0 seconds TWT) show relatively strong amplitude that is 
possibly associated with the presence of volcanic rocks (Figure 3.4d). This package of 
rocks is the possible correlative of the Cambrian Mount Wright Volcanics (Greenfield et al., 
2011). Above the volcanic rocks (at ~5-10 km depth or ~1.5-3 seconds TWT), a package 
of gently dipping, parallel to semi-parallel reflectors, are bounded by two unconformities 
above and below (Figure 3.4d). These reflective packages possibly correspond to late 
Cambrian to Early Ordovician successions (Mills and David, 2004). Above the 
unconformity (~1-2 seconds TWT), gentle onlapping reflectors to the southwest show a 
wedge-shaped half-graben structure (Figure 3.4d). This wedge-shaped syn- rift package 
28 
 
corresponds to Early to Middle Devonian sedimentary rocks (Mills and David, 2004). 
Reflectors are gently onlapping northeast to an unconformity surface at the top of this syn-
rift unit. These reflectors possibly represent Middle to Late Devonian rocks (Mills and 
David, 2004). The onlapping reflection geometry and minor folding of all three packages 
indicate that the half-graben was subjected to basin inversion during or after the deposition 
of the Middle to Late Devonian rocks (Figure 3.4d). 
 
3.4.1.2. Wonnaminta Zone 
The NNW-trending Lawrence Fault defines the boundary between the Bancannia Trough 
and the Wonnaminta Zone (Figure 3.2a,b). The aeromagnetic signature of the 
Wonnaminta Zone is characterized by intense, short-wavelength, linear or curvilinear 
magnetic highs that are predominantly oriented NNW (Figure 3.2b). Bouguer gravity 
values are relatively high over the Wonnaminta Zone (Figures 3.2a and 3.4a).  
 
The seismic reflection image of the Wonnaminta zones shows that the non-reflective to 
poorly reflective crust exists down to the Moho (~35 km depth or ~12 seconds TWT; 
Figure 3.4d). The poor reflection packages of the Wonnaminta Zone have been thrust over 
the Bancannia Trough by the east-dipping Lawrence Fault. The central part of the 
Wonnaminta Zone is characterized by an antiformal stacking and a series of northeast-
dipping reverse faults (Figure 3.4d). The relatively high Bouguer gravity corresponds to 
this the antiformal stacking at depth (Figure 3.4a,d), and the short-intense aeromagnetic 
data possibly correspond to the faults (Figure 3.4b,d). To the east of the Wonnaminta 
Zone, the Koonenberry Fault is characterized by a relatively wide shear zone indicated by 
parallel to semi-parallel reflection packages that extend down to Moho at dip of ~ 40° 
southwest (Figure 3.4d). The kinematics along the Koonenberry Fault cannot be 
interpreted from the seismic data, but previous authors have interpreted it as a reverse 
fault (Mills and David, 2004; Greenfield et al., 2011). 
 
3.4.1.3. Kayrunnera Zone 
The RTP aeromagnetic and Bouguer gravity images (Figure 3.2a,b) show a relative 
decrease in both magnetic intensity and density from the Wonnaminta Zone to the 
Kayrunnera Zone. The NNW-trending Koonenberry Fault is the boundary between these 
two zones (Figure 3.2b). The decreased gravity and short-wavelength linear to curvilinear 
magnetic anomalies over the Kayrunnera Zone (Figure 3.4a,b) possibly corresponds to 
folded metasedimentary rocks at depth. 
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Seismic interpretation (Figure 3.4d) across the Kayrunnera Zone shows that, in 
comparison to the western part, the Moho occurs at slightly shallower depth. The crust 
extends down to ~35 km depth and shows similar reflection properties to those beneath 
the Bancannia Trough and the Wonnaminta Zone. At the eastern limit of the seismic 
transect, the Kayrunnera Zone is characterized by a relatively strong reflection package 
dipping almost parallel to the Koonenberry Fault Zone. The nature of this crustal-scale 
structure is not clear due to the relatively low seismic resolution and lack of kinematic 
indicators. Beneath this structure, the crust is characterized by a number of southwest 
dipping, weak, parallel to sub-parallel reflectors. 
 
3.4.1.4. Northwestern Koonenberry Belt  
The potential field anomalies of the Koonenberry Belt become less intense towards the 
northwest (Figure 3.5). The magnetic signature in this area is characterized by very low 
amplitude smooth anomalies (Figure 3.5a), which likely correspond to sedimentary rocks 
(i.e., late Cambrian Lycosa Formation) of the Warburton Basin beneath the Permian to 
Triassic sedimentary rocks of the Cooper Basin (Sun and Gravestock, 2001). A prominent 
curvature of broad gravity low (Figure 3.5b) is marked by an ~ENE trending curvilinear 
lineament and in weak traces of tilt derivate of (500m) upward continuation of RTP data 
(Figure 3.5c,d). A number of low to moderate amplitude irregular shaped magnetic bodies 
correspond to lower gravity are interpreted as granitic intrusions into the basement (Figure 
3.5a,b,e). 
 
3.4.2. Western part of the southern Thomson Orogen  
3.4.2.1. Olepoloko Fault and associated structures 
The Olepoloko Fault is located to the east of the Kayrunnera Zone and marks the 
boundary between the Koonenberry Belt (i.e., the Delamerian Orogen) and the southern 
Thomson Orogen (Figure 3.2b). To the south of the Olepoloko Fault, a broad gravity low 
characterizes the Nelyambo Trough, which is considered to be part of the Lachlan Orogen 
(Figure 3.2a). In contrast with the aeromagnetic signature north of Olepoloko Fault, the 
Nelyambo Trough is characterized by a smooth and relatively low aeromagnetic response 
(Figures 3.2b and 3.6a). 
 
Figure 3.6c shows an interpreted composite image of RTP aeromagnetic data over tilt 
derivative of 500m upward continuation of RTP aeromagnetic data. This image highlights 
two faults (Torowoto and Tongo faults) sub-parallel to the Olepoloko Fault (Figure 3.6c). 
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Figure 3.5. (a, b) Colour shaded RTP aeromagnetic and Bouguer gravity images for the area shown in 
Figure 3.2a. White lines indicate State boundaries. (c, d) Tilt derivative image of (500m) upward continuation 
of RTP aeromagnetic data and composite image of RTP aeromagnetic data over the tilt derivative image 
with structural interpretation. (e) Solid geology map of the area [abbreviations: CG - Currawinya Granite; 
GSG - Granite Springs Granite; HF - Hungerford Granite; EG - Ella Granite; TG - Tibooburra Granite; WG - 
Wolgolla Granite; KF - Koonenberry Fault; OF - Olepoloko Fault; WiF - Willara Fault; F1, F2 and F3 - 
Unnamed Faults]. 
 
Structural interpretation of tilt derivatives of RTP data (Figure 3.7b) shows that a number of 
magnetic anomalies are dragged towards the fault with an apparent sinistral sense of 
movement and offset by few ~E-W trending minor faults. The faults merge with the 
Torowoto and Tongo faults at a low angle (less than 30°). These minor faults can be 
interpreted as synthetic Riedel shears associated with the (likely sinistral) Torowoto and 
Tongo faults. The Torowoto and Tongo faults also merge at low-angle with the Olepoloko 
Fault (Figures 3.6c and 3.7b), possibly suggesting that these two faults are synthetic 
Riedel shears/faults of the Olepoloko Fault. The Olepoloko and Torowoto faults are cut at 
relatively high angle and dextrally offset ~2 km by the ~NNW trending Purnanga Fault 
(Figure 3.7b), which is either an antithetic Riedel shear of the Olepoloko Fault or a younger 
fault. 
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Figure 3.6. (a, b) Pseudocolour RTP aeromagnetic and tilt derivative of (500m) upward continuation of RTP 
aeromagnetic images for the area shown in Figure 3.2b. (c, d) Composite images of RTP aeromagnetic data 
over the tilt derivative image with structural interpretation and solid geology map of the area. [abbreviations 
are: KF - Koonenberry Fault; KUF - Kulkyne Fractures; LMF - Little Mountain Fault; MoF - Mount Oxley Fault; 
OF - Olepoloko Fault; PF - Purnanga Fault; TF - Tongo Fault; ToF - Torowoto Fault; WiF - Willara Fault; BG - 
Barrona Granite; HF - Hungerford Granite; TD - Tinchelooka Diorite]. 
 
Interpretation of seismic transects (05GA TL 1 and 05GA TL 2, Figure 3.8) shows that the 
north-dipping Olepoloko Fault separates a thicker crust of the Thomson Orogen from a 
relatively thinner crust of the Lachlan Orogen. The Moho is characterized by very strong 
and continuous reflector at ~30 km depth (~10.5 seconds TWT) to the south of the 
Olepoloko Fault and ~40-45 km (~15 seconds TWT) to the north.  
 
The Lachlan Orogen is located to the south of the Olepoloko fault and is characterized by 
distinctive reflective lower crust (~ 6.5 to 10.5 seconds TWT) and non-reflective upper 
crust (~2 to 6.5 seconds TWT) (Figure 3.8). Glen et al. (2013) suggested that the weakly 
reflective upper crust may represent Ordovician turbidites. Above the upper crust, wedge-
shaped reflection packages have been identified at ~1-3 seconds TWT (Figure 3.8b). 
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Figure 3.7. (a - f) Tilt derivative image of RTP aeromagnetic data and structural interpretation for the areas 
shown in Figure 3.6. [abbreviations are: KUF - Kulkyne Fractures; LMF - Little Mountain Fault; MoF - Mount 
Oxley Fault; OF - Olepoloko Fault; PF - Purnanga Fault; TF - Tongo Fault; ToF - Torowoto Fault; WiF - 
Willara Fault]. 
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Figure 3.8. (a) Combined image of 2D deep seismic reflection profiles 05GATL 1 and 05GATL 2. (b) 
Geological interpretation of the seismic profile showing the geometry of the Olepoloko Fault and the crustal 
architecture at the Thomson-Lachlan boundary. 
 
These wedges are representative of fault-bounded half-graben, possibly of syn-rift 
packages that are equivalent to the Late Silurian – Early Devonian Cobar Supergroup 
(Glen et al., 2013). A number of faults within this syn-rift package were subjected to 
inversion, because these faults cut and offset the top of syn-rift unconformity and younger 
sedimentary rocks (Figure 3.8b). Few small reverse faults are also present within the 
upper part of the non-reflective crust.   
 
A package of gently onlapping reflectors overlays the rift-packages. These parallel to 
subparallel strong reflectors are representative of the Middle to Late Devonian Mulga 
Downs Group (Glen et al., 2013). The reflective packages associated with these two units 
(Cobar Supergroup and Mulga Downs Group) are terminated against the Olepoloko Fault, 
indicating that the youngest movement along the Olepoloko Fault took place after the 
deposition of the Middle to Late Devonian successions. The thickness of the Middle to 
Late Devonian succession gradually increases southward (Figure 3.8b). Farther south, this 
unit is thinned and uplifted by a south-dipping inverted normal fault (i.e., the Mountain Jack 
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Fault) (Figure 3.8b). The syn-rift half-graben indicates that the fault was a normal fault 
during Late Silurian to Early Devonian and was inverted following the deposition of the 
Middle to Late Devonian sediments. The onlapping growth strata of the Middle to Late 
Devonian packages above the syn-rift unconformity suggest that the reactivation of the 
Mountain Jack Fault took place during sedimentation.   
 
To the north of the Olepoloko Fault, the thicker reflective lower crust of the Thomson 
Orogen is characterized by a relatively weaker seismic impedance compared to the 
Lachlan lower crust (Figure 3.8). A series of relatively strong and more continuous south-
dipping reflection package can be identified at ~8 to 10 seconds TWT. This package is 
overprinted by a relatively steeply dipping reverse fault, which merges with the Olepoloko 
Fault at depth. A number of smaller faults can be identified based on displacement and 
reflection geometry of the form lines. These faults are predominantly dipping northward. 
The overall geometry of the Olepoloko Fault and its associated structures suggests that it 
is a primary structure within a positive flower structure (Figure 3.8). 
 
The upper non-reflective crust of the Thomson Orogen is characterized by a similar 
reflection configuration as of the Lachlan upper crust. Separation of the reflectors at the 
base and top of the non-reflective lower crust indicates that the estimated reverse vertical 
throw on the Olepoloko Fault is possibly greater than 7 km. The Late Silurian – Early 
Devonian rift-package and Middle to Late Devonian parallel to subparallel reflectors are 
completely absent to the north of Olepoloko Fault (Figure 3.8b). The Middle to Late 
Devonian packages are separated from the Mesozoic to Cenozoic younger cover by a 
major erosional surface, which can be identified by a relatively strong high amplitude 
reflector (Figure 3.8a). This unconformity also extends to the north of the Olepoloko fault 
and shows no movement of the Olepoloko Fault (Figure 3.8b). 
 
3.4.2.2. Mount Oxley Fault  
Mount Oxley Fault is sub-parallel to the Olepoloko Fault (Figures 3.2b and 3.6c). Seismic 
imaging (Figure 3.8b) across the fault shows that this is a reverse fault dipping opposite to 
the Olepoloko Fault. Moderate to weak reflectors of the reflective lower crust of the 
Thomson Orogen are offset by this fault, showing ~2-3 km of vertical displacement.  
 
In between the Olepoloko and Mount Oxley faults, a zone of relatively high amplitude 
linear to irregular shaped magnetic bodies has been identified (Figure 3.6c). These 
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magnetic bodies are interpreted to be associated with the Late Silurian (~422 Ma) Louth 
Volcanics (Glen et al., 2010) (Figures 3.3 and 3.6d). Tilt-derivative of the RTP 
aeromagnetic data of the Louth Volcanics shows folded structural trends with a ~NE-SW 
axial surface (Figure 3.7c,d). To the east, a small segment of the Louth Volcanics is 
dextrally offset ~25 km by the Mount Oxley Fault (Figure 3.7c,d).    
 
3.4.2.3. Willara Fault and Kulkyne Fracture Zone  
To the north of Mount Oxley Fault, a large area of a relative magnetic low characterizes 
the Early Devonian Hungerford Granite (Figures 3.6d and 3.7f). Two ~WNW trending faults 
(Kulkyne Fracture Zone and Willara Fault) cut the granite. The distance between the two 
faults is ~50 km. The interpretation of the tilt derivatives of the RTP of this granite shows a 
sigmoidal shaped magnetic feature (blue dashed lines in Figure 3.7f). This sigmoidal 
shape seems to have been dragged towards the Kulkyne Fracture Zone and Willara Fault 
with an apparent sinistral sense of movement (Figure 3.7f).  
 
3.4.2.4. Unnamed faults F1 and F2 
The interpretation of geophysical images shows that the northern extent of the southern 
Thomson Orogen is defined by a ~300 km long geophysical expression, trending ~WNW 
(Figure 3.5). Bouguer gravity data show that this geophysical feature follows a ~50 km 
wide belt of gravity low (Figure 3.5b). A number of semi-rounded to irregular shaped 
granitic bodies can be identified along this belt (Figure 3.5e).   
 
To the north of the gravity low, the structural trends interpreted from the aeromagnetic 
images (Figures 3.5d and 3.9b) are cut-off by a linear ~WNW trending structure. This 
linear structure is associated with dextrally offset (~25 km) magnetized bodies and is 
therefore interpreted as a fault (hereinafter F1) (Figure 3.9b). Another relatively high 
magnitude magnetic body was dragged and offset dextrally by a smaller ~NW-trending 
fault (hereinafter F2), which terminates against F1 at a low angle (Figure 3.9b). Both faults 
show evidence of dextral kinematics. The dextral kinematics, together with the relatively 
low angle (less than 30°) between F1 and F2, may suggest that F2 is a synthetic Riedel 
shear associated with a larger dextral fault (F1). Farther southeast, the F1 fault merges 
with the Niccamucca Fault, which has a similar ~WNW trend (Figures 3.2b and 3.10c). 
This fault cuts and dextrally offsets a highly magnetized granitic body (Figure 3.10c,d). The 
Niccamucca Fault terminates against the western part of Culgoa Fault farther east (Figure 
3.10c). 
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Figure 3.9. (a-d) Tilt derivative image of RTP aeromagnetic data and structural interpretation for the area 
shown in Figure 3.5. F1, F2 and F3 are unnamed faults. 
 
3.4.3. Eastern part of the southern Thomson Orogen 
3.4.3.1. Louth-Eumarra Shear Zone and associated structures 
The RTP aeromagnetic image of the eastern part of the southern Thomson Orogen shows 
a series of moderate to high amplitude long-wavelength magnetic bodies surrounded by 
low amplitude anomalies (Figure 3.10a). The area is characterized by a number of ~E-W 
trending major faults, such as the Louth-Eumarra Shear Zone, Boomi Fault, Little Mountain 
Fault, and Culgoa Fault (Figure 3.10c). 
 
The Louth-Eumarra Shear Zone (Figures 3.2b and 3.10c) is a broad ~E-W trending 
geophysical feature that follows a similar trend as the Olepoloko Fault. Detailed structural 
and kinematic analysis of this part of the southern Thomson Orogen, recently presented by 
Dunstan et al. (2016), shows a substantial component of dextral kinematics. To the north, 
the shear zone is marked by an ~E-W trending structure, named Boomi Fault (Figure 
3.10c). Interpretation of the tilt derivative image of aeromagnetic data shows that moderate 
to high amplitude magnetic bodies (Figure 3.10a,c) were dragged dextrally by the Louth- 
Eumarra Shear Zone and Boomi Fault. These magnetic bodies are inferred to be related to 
Late Silurian – Early Devonian igneous intrusions (Tarcoon Complex) (Figure 3.10d).  
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Figure 3.10. (a, b) Pseudocolour RTP aeromagnetic and tilt derivative of (500m) upward continuation of RTP 
aeromagnetic images for the area shown in Figure 3.2b. (c, d) Composite images of RTP aeromagnetic data 
over the tilt derivative image with structural interpretation and solid geology map of the area. [abbreviations 
are: BrT - Brevelon Tank area, KW - Kenilworth area; BF - Boomi Fault; CF - Culgoa Fault; NF - Niccamucca 
Fault; KT - Keats Thrust Fault; MoF - Mount Oxley Fault; LESZ - Louth-Eumarra Shear Zone; LMF - Little 
Mountain Fault; RF - Rookery Fault; WTF - White Tank Fault; MTF - Mulga Tank Fault; F4, F5, F6 and F7 - 
Unnamed faults; TPC - Tarcoon Pluton Complex; ByG - Byrock Granite]. 
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To the east of the Louth-Eumarra Shear Zone, high amplitude ~N-S-trending magnetic 
bodies may correspond to the northern extension of the Ordovician Macquarie Arc (Figure 
3.10a,d). A series of ~EW to ENE trending dextral faults dragged and offset these 
magnetic bodies (F4, F5, F6 and F7, Figure 3.10c). Regional Bouguer gravity map shows 
that a ~N-S-oriented high-gravity body has been cut and dragged by an ~E-W trending 
lineament that may correspond to the Louth-Eumarra Shear Zone (Figure 3.2a).  
 
The Little Mountain Fault is located in between the Olepoloko Fault and Louth-Eumarra 
Shear Zone (Figure 3.10c). This is an ~ENE trending fault, which may represent the 
westward extension of the Louth-Eumarra Shear Zone.  
 
3.4.3.2. Culgoa Fault 
The Culgoa Fault is marked by a narrow ~ENE trending gravity and magnetic high that 
may correspond to ultramafic intrusions along the fault zone (Figures 3.2a,b and 3.10c). 
Interpretation of aeromagnetic data shows a folded magnetic feature northeast of the 
Culgoa Fault (Figure 3.10c). This folded feature is bounded by another fault, which trends 
parallel to the Culgoa Fault (Figure. 3.10c). The sigmoidal shape of this ~NNE-SSW 
trending magnetic body indicates possible dextral kinematics along the Culgoa Fault.  
 
In seismic transect DMR 98-02 (Figure 3.11), the Culgoa Fault is a north-dipping reverse 
fault. A weakly reflective package similar to the non-reflective upper crust of the Thomson 
Orogen (Figure 3.8) can be identified in the northern part of the section that was uplifted by 
the reverse motion of the Culgoa Fault (Figure 3.11). Few smaller second order faults are 
also present within the non-reflective package. To the south of the Culgoa Fault, a zone of 
strong parallel to sub-parallel reflectors is onlapping above the non-reflective upper crust, 
thinning towards the south (Figure 3.11). The overall reflection geometry of this package 
can be interpreted as syn-kinematic growth-strata developed due to reverse movement of 
the Culgoa Fault. Above this onlapping growth-strata, reflectors are parallel with fair 
continuity. Borehole information from Brewarrina 1 suggests that this package corresponds 
to Middle Devonian sedimentary rocks (Carty and Moffitt, 2001; Purdy et al., 2018). The 
borehole did not intersect the underlying onlapping reflectors. We interpret that these 
reflectors to represent Middle Devonian or older sedimentary rocks. The parallel reflectors 
above the syn-kinematic growth-strata may indicate that deformation ceased during the 
deposition of this Middle Devonian succession. Both packages are folded and affected by 
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Figure 3.11. (a) Shallow seismic reflection profile (DMR 98-02) across the Culgoa Fault. (b) Geological 
cross-section constructed from the seismic profile.  
 
a series of south-dipping reverse faults with a minor displacement located in between CDP 
3000-4000, indicating that another episode of contractional deformation possibly took 
place after the deposition of the Middle Devonian sedimentary rocks. Another small 
reverse fault can be identified at the southern part of the line (Figure 3.11). A prominent 
angular unconformity can be identified at ~0.5 seconds, between relatively undeformed 
younger successions and deformed older rocks. 
 
3.4.3.3. Unnamed Fault F3 
To the west of Nebine Ridge, a belt of narrow magnetic linear features (Figures 3.5a and 
3.9c) are dextrally dragged and offset by an ~ENE to ~NE trending fault (hereinafter F3), 
which terminates against the F1 fault at a high angle. These magnetic bodies correspond 
to the metasedimentary rocks of the Werewilka Formation (Figure 3.5f). The age of the 
Werewilka Formation is unknown; however, xenoliths of this formation were found in the 
463±11 Ma Granite Springs Granite (Cross et al., 2015), indicating that the age of the 
metasedimentary rocks is older than Late Ordovician. 
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3.5. Discussion 
3.5.1. Timing and kinematics of faults in the southern Thomson Orogen  
The interpretation of potential field and 2D deep seismic datasets reveals that a series of 
faults occur parallel to the curvilinear ~E-W geophysical trend of the southern Thomson 
Orogen. Based on the interpretation of gridded aeromagnetic images, it seems that many 
of these faults have involved a strike-slip component with evidence for dextral, sinistral and 
oblique kinematics. Activity along these faults may reflect multiple phases of deformation 
and fault generation or reactivation that possibly started from the Delamerian Orogeny 
(Figure 3.12). However, the timing of deformation is unfortunately poorly constrained, and 
in particular, it remains unclear whether the abovementioned major structures were 
already active during the Delamerian Orogeny (~500 Ma), or whether they only reflect later 
(e.g., Benambran and Tabberabberan) deformation.  
 
Deformation associated with Delamerian Orogeny is recorded in both the Koonenberry 
Belt and in exposures of the Thomson Orogen in northeastern Queensland (Anakie, 
Charters Towers and Greenvale provinces) (Figures 3.1a and 3.3). These ostensibly 
disparate areas could potentially be connected through the subsurface basement geology 
of the southern Thomson Orogen. Nonetheless, the age of the southern Thomson 
basement remains poorly constrained with no robust evidence supporting the existence of 
Cambrian or Precambrian rocks under the sedimentary cover. The only direct evidence for 
the existence of a pre-Delamerian basement is the ~577 Ma U-Pb zircon ages from the 
Warraweena Volcanics, which were interpreted by Glen et al. (2013) as representing 
magmatic ages [however, see Burton and Trigg (2014) for an alternative interpretation]. 
The interpretation of Glen et al. (2013) implies that the southern Thomson Orogen includes 
a Neoproterozoic basement.  
 
In the Koonenberry Belt, crustal-scale reverse faults are considered to represent 
Delamerian deformation (Greenfield et al., 2010; Greenfield et al., 2011). If the southern 
Thomson Orogen is indeed underlain by a Neoproterozoic basement, it is potentially 
possible that the eastward continuation of the Koonenberry Belt (i.e., the Delamerian 
Orogen) is represented by some of the major structures discussed in this paper (Figure 
3.12a). Glen et al. (2013) have also suggested that the Olepoloko Fault separates 
Neoproterozoic to earliest Cambrian basement rocks (in the southern Thomson Orogen) 
from younger (Ordovician to Devonian) rocks of the Lachlan Orogen. The maximum age 
constraint for the development of the Olepoloko Fault, at ~500 Ma, could potentially be 
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consistent with the timing of Delamerian deformation. However, given the lack of direct 
evidence supporting Delamerian deformation in the southern Thomson Orogen, the 
kinematic scenario shown in Figure 3.12a remains speculative.  
 
Along the eastern part of the boundary between the Thomson and Lachlan orogens, the 
Louth-Eumarra Shear Zone (including Boomi Fault and faults F3 – F7) shows clear 
evidence for dextral kinematics (Figures 3.9d and 3.10b), with the Culgoa Fault also 
displaying evidence for a reverse motion (Figure 3.11). The Late Silurian to Early 
Devonian Tarcoon Pluton Complex is deformed by the Louth-Eumarra Shear Zone 
(Dunstan et al., 2016), indicating that at least a component of the described dextral motion 
took place during or after the Late Silurian to Early Devonian emplacement of these 
igneous complex. Dunstan et al. (2016) hypothesized that the Late Silurian to Early 
Devonian deformation along the Louth-Eumarra Shear Zone may correspond to the 
reactivation of pre-existing crustal-scale structures. For example,  a change in the 
structural orientation, from ~N-S to ~NE-SW at the Kenilworth area and Brevelon Tank site 
(Figure 3.10b,c), may correspond to dextral strike-slip faulting along the Louth-Eumarra 
Shear Zone associated with latest Benambran Orogeny (Dunstan et al., 2016). Similarly, 
the Late Silurian Louth Volcanics (Figure 3.7d) shows folds trending ~NE-SW that possibly 
correspond to dextral movement along the Mount Oxley and Olepoloko faults during the 
Tabberabberan or Kanimblan Orogeny. The timing of movement along F1 to F7 (Figures 
3.5d and 3.10b) is not constrained. However, the dextral kinematics along these faults may 
imply coeval deformation. 
 
Evidence for younger reactivation is also recognized along the Olepoloko Fault. The 
seismic transect across the Olepoloko Fault shows an almost equal thickness of the 
Ordovician packages on both sides of the fault (Figure 3.8) and an absence of Silurian-
Devonian rocks north of the Olepoloko Fault (the hanging wall block). These stratigraphic 
relationships indicate that reverse movement along the fault resulted in significant uplift 
and erosion of this block. The onlapping configuration of the Middle to Late Devonian 
strata, and the evidence for minor inversion of normal faults (Figure 3.8) in the Lachlan 
Orogen, suggest that at least one episode of major reverse movement took place during or 
after Middle to Late Devonian. 
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The broad positive flower-like structure (Figure 3.8b) in the southern Thomson Orogen 
indicates possible transpressional setting (Harding, 1985; Woodcock and Fischer, 1986; 
Woodcock and Rickards, 2003). The kinematic analysis of the Olepoloko Fault and 
associated faults (Tongo, Torowoto and other minor sinistral faults) suggests that the fault 
was possibly subjected to sinistral movement (Figure 3.7b). Evidence for sinistral 
displacement can also be interpreted in between the Willara Fault and Kulkyne Fractures 
(Figure 3.7f). The 419.5±2.5 Ma Hungerford Granite (Bultitude and Cross, 2012), located 
in between these two faults, provides a maximum constraint for sinistral movement along 
these faults (Figure 3.7f).  
 
 
 
 
 
 
 
 
Figure 3.12. Schematic structural 
evolution models of the southern 
Thomson Orogen showing the possible 
development and activation of the faults 
from (a) Delamerian, (b) Benambran and 
(c) Tabberabberan orogenies. [The light 
green coloured area represents the 
southern Thomson Orogen; 
abbreviations are: CF - Culgoa Fault; KF 
- Koonenberry Fault; KuF - Kulkyne 
Fractures; LF - Lawrence Fault; LMF - 
Little Mountain Fault; LESZ - Louth-
Eumarra Shear Zone; MoF - Mount 
Oxley Fault; NF - Niccamucca Fault; OF 
- Olepoloko Fault; PF - Purnanga Fault; 
TF - Tongo Fault; ToF - Torowoto Fault; 
WiF - Willara Fault; F1, F2 and F3 - 
Unnamed faults].  
 
Seismic interpretation across the Culgoa Fault (Figure 3.11) shows evidence for two 
possible phases of reverse movement. The deposition of onlapping growth strata (Middle 
Devonian or older) possibly corresponds to the ~390-380 Ma Tabberabberan Orogeny. 
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Folding of both parallel reflection package (i.e., Middle Devonian sediments) and 
underlying growth-strata suggest that younger reactivation took place after Middle 
Devonian possibly corresponding to the ~360-340 Ma Kanimblan Orogeny.  
 
In summary, the development of major fault systems in the southern Thomson Orogen 
may have initiated during the Delamerian Orogeny (Figure 3.12a). The observed dextral 
kinematics along major faults in this area was likely triggered by ~E-W contraction 
associated with final stage of the Benambran deformation (Figure 3.12b). Subsequently, 
~E-W Tabberabberan contraction was possibly responsible for further fault reactivation 
(Figure 3.12c). The Tabberabberan deformation may have been responsible for the 
initiation of sinistral faults along the western part of the Olepoloko Fault (Figure 3.12c). 
Evidence for Kanimblan deformational event can also be observed along the Culgoa Fault.   
 
3.5.2. Tectonic implications 
Results show that an arrangement of curvilinear ~E-W structures (Olepoloko Fault and 
Louth Eumarra Shear Zone) separate the thicker southern Thomson crust from the thinner 
crust of the Lachlan Orogen (Figure 3.8). Seismic tomographic studies (Figure 3.13) show 
that the Thomson and Delamerian orogens, in contrast with the Lachlan Orogen, are 
characterized by higher seismic velocities (Kennett et al., 2004; Rawlinson and Kennett, 
2008; Kennett et al., 2013; Rawlinson et al., 2015). Teleseismic data from the WOMBAT 
transportable array (see Figure 2.9 in Rawlinson et al., 2015) show a similar characteristic 
of high velocity lithosphere beneath both the Delamerian and southern Thomson orogens 
and a significantly different lithosphere beneath the northern Lachlan Orogen. The high 
velocity lithosphere of the Thomson and Delamerian orogens corresponds to thicker (and 
possibly older) lithosphere compared to that of the northern Lachlan Orogen (Rawlinson et 
al., 2015). A N-S section constructed from the teleseismic model (see Figure 2.9 in 
Rawlinson et al., 2015) shows that a north-dipping lithospheric structure exists at the 
southern Thomson Orogen, separating the high velocity lithosphere of Thomson Orogen 
from the relatively lower velocity lithosphere of the northern Lachlan Orogen. 
 
The Delamerian crust beneath the northeastern part of Kayrunnera Zone (Figure 3.4) 
shows southwest-dipping, moderately strong, parallel to sub-parallel reflectors. The 
reflective lower crust of the Thomson Orogen also exhibits similar reflection configuration 
dipping south (Figure 3.8). This comparison indicates that the crust beneath these two  
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Figure 3.13. Horizontal slice through the 
AuSREM mantle model (modified after 
Kennett et al., 2013) for P-wave speed at 
100 km depth.  
 
tectonic blocks might be of the same origin. As discussed in the previous section, Glen et 
al. (2013) hypothesized that the origin of the thicker crust beneath the southern Thomson 
Orogen is associated with a sliver of older (Neoproterozoic) crust (Figure 3.14). This 
hypothesis is supported by the teleseismic model of Rawlinson et al. (2015). 
 
Across the central Thomson Orogen, in contrast, seismic data show a thinner, extended 
substrate crust that may represent extended continental crust (Finlayson et al., 1990b; 
Glen, 2005; Spampinato et al., 2015a) or even oceanic crust (Glen et al., 2013). The 
thinner substrate crust at the central part of the Thomson Orogen could have formed by 
rifting in the early Cambrian (Glen, 2005; Fergusson et al., 2009; Glen, 2013; Glen et al., 
2013).  
 
The significant contrast in crustal and lithospheric characteristics between the Thomson 
and Lachlan orogens may suggest that different geodynamic processes shaped the two 
major segments of the Tasmanides (i.e., the northern segment north of the Thomson- 
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Figure 3.14. Greyscale 
aeromagnetic image (50% 
transparent) shows the possible 
evolution of eastern Australia as 
revealed by present-day location of 
different subduction systems (colour 
coded with time) (modified after 
Glen, 2005; Glen, 2013; Glen et al., 
2013). 
 
Lachlan boundary and the southern segment south of it). While the northern Tasmanides 
display little change in the location of the magmatic arc between the Ordovician and 
Permian, the southeastern Tasmanides show spatio-temporal variations in the occurrence 
of arc magmatism (Figure 3.14). Thus, the southern segment of the Tasmanides was likely 
controlled by a relatively mobile plate boundary. Furthermore, the occurrence of oroclinal 
structures only south and east of the Thomson Orogen (Figure 3.14) (Musgrave, 2015), 
and the possible genetic link between oroclines and plate boundary migration (Moresi et 
al., 2014; Rosenbaum, 2014) support the suggestion that segmentation of the Tasmanides 
was controlled by along-strike variations in the subduction zone. Segmentation of 
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convergent plate boundaries through the development of orogen-perpendicular 
lithospheric structures is recognized in modern tectonics (e.g., Caribbean-South American 
Plate margin; (Govers and Wortel, 2005; Miller and Becker, 2012), and it is likely that 
similar processes have played a major role during the development of Paleozoic eastern 
Australia. 
 
The timing of segmentation between the northern and southern Tasmanides is largely 
unknown. Dunstan et al. (2016) have suggested that along-strike variations in the rates of 
trench retreat have already took place in the early to middle Cambrian, giving rise to a 
back-arc extension in the northern Tasmanides and crustal thinning in the central 
Thomson Orogen (Glen, 2005; Glen et al., 2013). According to the this tectonic scenario, 
the ~E-W structures in the southern Thomson Orogen (including the Olepoloko Fault and 
Louth-Eumarra Shear Zone) initiated in response to tearing and crustal segmentation 
between the northern and southern segments of the Tasmanides, thus explaining the 
similarities between Delamerian deformation in the Koonenberry Belt and the Anakie Inlier 
of the northeast Thomson Orogen. 
 
3.6. Conclusion 
Based on structural analysis of the geophysical data form the southern Thomson Orogen, 
the following can be concluded: 
• The boundary between the Thomson Orogen and the Delamerian and Lachlan 
orogens reveals crustal-scale curvilinear ~E-W structural features that are 
controlled by a number of fault systems. Fault kinematic indicators show dextral, 
sinistral and reverse motions, indicating multi-phase reactivation history of these 
structures. 
• The timing of activity of the major crustal-scale structure (e.g., Olepoloko Fault and 
Louth-Eumarra Shear Zone) is not well constrained but is consistent with the timing 
of Delamerian Orogeny and subsequent reactivation events (Figure 3.12).  
• The origin of the ~E-W structures of the Thomson-Lachlan boundary may have 
resulted from lithospheric segmentation within the Tasmanides in response to along 
strike plate boundary variations. 
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FOREWARD: CHAPTER 4 
 
The Cambrian-Ordovician Warburton Basin occupies a large area in 
the central Tasmanides and masks the boundary between the 
Thomson Orogen and the Delamerian Orogen. However, very little is 
known about the origin and deformation history of this basin in the 
context of tectonic evolution of the Tasmanides. Therefore, the aim of 
this chapter is to unravel the geometry, kinematics and timing of 
major structures within the eastern Warburton Basin, and to provide 
a plausible explanation for the genetic relationships between these 
structures and the deformation history of the Thomson and 
Delamerian orogens. I thank Gideon Rosenbaum and Uri Shaanan 
for discussion on this topic. I would also like to acknowledge Rio 
Nugroho for thin section analysis, Michael Doublier and Horst 
Zwingmann for providing me K-Ar geochronology and XRD data. A 
slightly modified version of this chapter has been submitted to 
Tectonics and is currently under review*. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Abdullah, R., Nugroho., R., Rosenbaum, G., Doublier, M., Shaanan, U. and Zwingmann, H. Evidence for 
deformation in the Cambrian-Ordovician Warburton Basin and implications for the evolution of the 
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Chapter 4: Evidence for deformation in the Cambrian-Ordovician Warburton Basin 
and implications for the evolution of the Tasmanides (eastern Australia)  
 
Abstract 
The Paleozoic tectonic evolution of the Tasmanides of eastern Australia was 
predominantly controlled by subduction-related processes along the margin of eastern 
Gondwana. The earliest deformation event, Delamerian Orogeny, took place in the middle-
late Cambrian and is recorded in rocks within the Delamerian and Thomson orogens. The 
Cambrian-Ordovician Warburton Basin covers the boundary between the Delamerian and 
Thomson orogens, but very little is known about its origin and deformation history. Here, 
interpretation of geophysical data, including 2D seismic reflection transects, Bouguer 
gravity, and aeromagnetic data are presented to provide new insights into the deformation 
in the eastern Warburton Basin and the kinematics of major faults. Results show that 
curvilinear ~NE-trending faults in the eastern Warburton Basin are basement reverse 
faults that experienced multiple phases of contractional deformation. Evidence for a syn-
kinematic Cambrian package (Kalladeina Formation) suggests that faulting commenced in 
response to the Delamerian Orogeny. Evidence for a later (Early Devonian) stage of 
deformation in the eastern Warburton Basin is obtained from K-Ar geochronology in low-
grade (sub-greenschist) metasedimentary rocks. It is suggested that a ~NE-trending 
Cambrian fold-thrust belt within the eastern Warburton Basin marks the continuation of the 
curved Delamerian Orogen. This oroclinal structure may have developed in the Early 
Devonian in response to dextral transpression along the northern boundary of the 
Delamerian Orogen.  
 
4.1. Introduction 
The eastern third of the Australian continent consists of Paleozoic and Mesozoic 
subduction-related orogenic belts (Tasmanides; Figure 4.1a) that formed along the 
margins of eastern Gondwana (Glen, 2005; Rosenbaum, 2018). The Tasmanides 
comprise metamorphic terranes, fold-thrust-belts, magmatic provinces, and sedimentary 
basins that generally become younger from west to east (Rosenbaum, 2018). The 
Delamerian Orogen, and parts of the Thomson Orogen, are the oldest components of the 
Tasmanides, consisting of Neoproterozoic to Cambrian protoliths reworked during the 
middle-late Cambrian Delamerian Orogeny. The Delamerian Orogen is exposed in the 
southwestern Tasmanides and in the Koonenberry Belt (Figure 4.1a), showing evidence 
for a Cambrian fold-and-thrust belt (Foden et al., 2006). Farther to the northwest, there is  
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Figure 4.1. (a) Simplified map showing location of Warburton Basin, Delamerian and Thomson orogens and 
major tectonic components of eastern Australia (after Glen, 2013); (b) Pseudocolour Bouguer gravity map of 
the eastern Australia denoting the location of the seismic transects used in this study. [a: combined seismic 
transect 84-SFX, 81-KRF and 84-TQP; b: combined seismic transect 85-XHA, 81-KRL and 82-MET; c: 84-
SFR and d: 97-HHY]. Abbreviations: AI - Anakie Inlier; BGS - Bowen-Gunnedah-Sydney basins; BP - 
Barnard Province; BTR - Birdsville Track Ridge; CT - Charters Towers Province; CC - Curnamona Craton; 
GP - Greenvale Province; GMIR - Gidgealpa-Merrimelia-Innamincka Ridge, IRP - Iron Range Province; 
LESZ - Louth-Eumarra Shear Zone; OF - Olepoloko Fault; TW - Tibooburra-Warratta inliers. 
 
evidence for Cambrian-Ordovician basin formation and sedimentation (Warburton Basin, 
Figure 4.1), but the tectonic relationships between this basin and the middle-late Cambrian 
Delamerian Orogeny are largely unknown. 
 
The position of the Warburton Basin masks the inferred boundary between the Delamerian 
and Thomson orogens (Figure 4.1). Furthermore, the Warburton Basin is entirely covered 
by sedimentary rocks of the Cooper and Eromanga Basins (purple and blue dashed lines, 
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respectively in Figure 4.1a), thus information on the stratigraphy and structure of the 
Warburton Basin can only be derived from geophysical and drill hole data. As a result, 
relatively little is known about the origin of the Warburton Basin and its tectonic 
relationships with the Delamerian and Thomson orogens. 
 
The aim of this chapter is to understand the structural evolution of the eastern Warburton 
Basin in the context of the early Paleozoic tectonic history of the Tasmanides. I have used 
an integrated approach that combines interpretation of seismic and potential field data, as 
well as deformation fabric analysis from thin sections and K-Ar geochronology. The results 
allow me to unravel the geometry, kinematics and timing of major structures within the 
eastern Warburton Basin, and to provide a plausible explanation for the relationships 
between these structures and the geodynamic evolution of eastern Gondwana. 
 
4.2. Geological setting 
The Tasmanides are normally subdivided into five orogens, namely the Delamerian, 
Thomson, Lachlan, Mossman and New England orogens (Figure 4.1; Glen, 2005; Glen, 
2013). The overall structural grain of these orogenic belts is dominantly ~N-S, with a 
number of exceptions that are most prominently represented by the curvilinear ~E-W 
structures along the southern Thomson Orogen (Figure 4.1). These structures may have 
accommodated a crustal-scale zone of dextral transpression (Dunstan et al., 2016; 
Abdullah and Rosenbaum, 2017). 
 
The Delamerian Orogen covers the area of northwestern New South Wales (Koonenberry 
Belt), eastern South Australia, western Victoria, and western Tasmania (Figure 4.1a). The 
Koonenberry Belt is the northernmost part of the Delamerian Orogen and is characterized 
by NNW-trending geophysical features (Figure 4.1b). Rift-related Neoproterozoic 
sedimentary successions were subjected to deformation and metamorphism during the 
middle-late Cambrian (ca. 510-490 Ma) Delamerian Orogeny (Turner et al., 1998; Foden 
et al., 2006). Several younger deformational events (Figures 4.2, 4.3 and references 
therein) have also been recognized in rocks of the Koonenberry Belt (Greenfield et al., 
2010; Greenfield et al., 2011).  
 
The Thomson Orogen occupies much of the northern Tasmanides in Queensland and 
northern New South Wales (Figure 4.1a). A significant part of the Thomson Orogen is 
covered by Devonian to Mesozoic sedimentary rocks (Kirkegaard, 1974; Glen, 2005; 
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Fergusson and Henderson, 2013; Glen, 2013; Glen et al., 2013). Therefore, geological 
data from the central and southern Thomson Orogen have been restricted predominantly 
to geophysical and drill core data (Finlayson and Leven, 1987; Finlayson et al., 1990a; 
Finlayson, 1993; Spampinato et al., 2015a; Spampinato et al., 2015b; Purdy et al., 2016; 
Abdullah and Rosenbaum, 2017). More extensive outcrops occur only in the northeastern 
Thomson Orogen (Anakie, Charters Towers, Greenvale, Barnard and Iron Range 
provinces; Figure 4.1a), where rocks show evidence for Neoproterozoic rift-related 
sedimentation, followed by Cambrian (and younger) compressional deformation and 
metamorphism (Figure 4.2) (Withnall et al., 1996; Fergusson et al., 2007a; Fergusson et 
al., 2007b; Fergusson et al., 2017). Scarce outcrops in the southern Thomson Orogen 
occur east of the Koonenberry Belt and include Cambrian rocks of the Warratta Group in 
the Warratta Inlier and Silurian-Devonian granitoids in Tibooburra Inlier and Louth-
Eumarra Shear Zone (Figures 4.1a and 4.3) (Glen et al., 2013; Purdy et al., 2016; Purdy et 
al., 2018; Rosenbaum, 2018). Geochronological studies of boreholes suggest that the 
majority of the metasedimentary succession of the Thomson Orogen is of late 
Neoproterozoic to Cambro-Ordovician age (Figure 4.3) (Carr et al., 2014; Purdy et al., 
2016; Purdy et al., 2018). 
 
Figure 4.2. Simplified time-space 
diagram of deformation events in the 
Tasmanides and the corresponding 
events in the eastern Warburton Basin. 
[Data sources: 1. Buick et al. (2008). 2. 
Collins (1991), 3. Collins and Vernon 
(1992), 4. Davis and Henderson (1999), 
5. Hoy and Rosenbaum (2017), 6. 
Fergusson (2017), 7. Fergusson et al. 
(2007a), 8. Fergusson et al. (2007c), 9. 
Foden et al. (2006), 10.Glen et al. (2007), 
11. Green (1973), 12. Greenfield et al. 
(2010), 13. Henderson et al. (2011), 14. 
Fergusson and Henderson (2013), 15. 
Kohn et al. (1999), 16. Veevers and 
Powell (1994), 17. Marshallsea et al. 
(2000), 18.O'Sullivan et al. (1996), 19. 
Reed (2001), 20. Withnall et al. (1996), 
21. Withnall and Henderson (2012)]. 
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Figure 4.3. Summary diagram of the bio-stratigraphy of the eastern Warburton Basin and generalized 
stratigraphy of the southwest Thomson Orogen and Koonenberry Belt of the Delamerian Orogen. [Data 
sources: 1. Armistead and Fraser (2015), 2. Black (2006), 3. Black (2007), 4. Cross et al. (2015), 5. Cross et 
al. (2016), 6. Draper (2006), 7. Foden et al. (2006), 8. Greenfield et al. (2010), 9. Kositcin et al. (2015a), 10. 
Middleton et al. (2014), 11. Murray (1994), 12. Percival (2010), 13. Sun and Gravestock (2001), 14. Sun 
(1996), 15. Young and Laurie (1996)].  
 
The Warburton Basin, which is located to the north and northwest of the Koonenberry Belt 
(Figure 4.1), is subdivided into eastern and western parts, separated by a NE-trending 
basement high (Birdsville Track Ridge; Figures 4.1a and 4.4) (Gravestock and Gatehouse, 
1995). Another basement high is the Gidgealpa-Merrimelia-Innamincka Ridge, which is 
located along the eastern periphery of the basin (Figures 4.1a and 4.4). The boundary 
between the eastern Warburton Basin and Delamerian and Thomson orogens is not well 
defined. Carbonate-bearing rocks of the Kalladeina Formation and siliciclastic rocks of the 
Dullingari Group are considered to be part of the Warburton Basin, whereas siliciclastic 
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rocks of the Thomson and Betoota beds are typically attributed to the Thomson Orogen 
(Figure 4.3) (Gatehouse, 1986; Murray, 1994). 
 
 
 
 
 
 
 
 
 
Figure 4.4. (a) Depth maps 
of top of Permian succession 
of the Cooper Basin (after, 
Radke, 2009). Circles denote 
the location of borehole 
samples used in this study 
(see detail information in 
supplementary file 1). (b) 
Map showing basement 
topography (after 
FROGTECH, 2005), location 
of the seismic transects (blue 
lines) and location of 
Birdsville Track and 
Gidgealpa-Merrimelia-
Innamincka ridges in the 
eastern Warburton Basin. 
Solid black line denotes the 
boundary between the 
Thomson Orogen and 
Koonenberry Belt; thick and 
thin dashed black lines 
denote the Warburton Basin 
outlines after Draper (2006) 
and Radke (2009), 
respectively; and grey lines 
denote the state boundaries. 
(c) Outset is showing the 
location of Figure 4.4a,b. 
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Figure 4.5. Wireline log 
and simplified lithological 
description of Kalladeina 
Formation in its type well 
(Kalladeina 1) and other 
key wells (Gidgealpa 1 
and 7) after Sun and 
Gravestock (2001). 
[Kalladeina 1; Gidgealpa 1 
and Gidgealpa 7 
correspond to borehole 
19, 16 and 18; 
respectively, shown in 
Figure 4.4]. 
 
The major stratigraphic units of the Warburton Basin include (from oldest to youngest) the 
Mooracoochie Volcanics, Kalladeina Formation, Dullingari Group (Lycosa Formation) and 
Innamincka Formation (Figure 4.3). These rocks are presumably overlying a Proterozoic 
basement (Gravestock and Gatehouse, 1995; Sun, 1997; Meixner et al., 2000; Boucher, 
2001). The Mooracoochie Volcanics (ca. 517-510 Ma) (Sun and Gravestock, 2001; 
Draper, 2006) have been suggested to represent the northern continuation of the Mt 
Wright Volcanics, which are exposed in the Koonenberry Belt (Gatehouse, 1986). The 
Mooracoochie Volcanics are separated from the overlying Kalladeina Formation by a 
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major unconformity and a vuggy dolomite unit (Diamond Bog Dolomite; Figures 4.3 and 
4.5). Based on the occurrence of trilobites and conodonts in the lower member of the 
Kalladeina Formation, a maximum age of middle-late Cambrian (Floran/Late Templetonian 
to Idamean) has been suggested for this part of the stratigraphy (Figure 4.3; Sun, 1996; 
Jago et al., 2006). Fossil assemblages from the upper member of the Kalladeina 
Formation are indicative of Lower Ordovician (Waredan to Lancefieldian) (Sun, 1996). 
Based on the biostratigraphy, the inferred age of the Innamincka Formation is considered 
Middle to Upper Ordovician (Sun and Gravestock, 2001), although the fossil control on 
Innamincka Formation is poor.  
 
Major structures in the eastern Warburton Basin include northeast trending folds and thrust 
faults along the Birdsville Track and Gidgealpa-Merrimelia-Innamincka ridges, which have 
been attributed to three distinct phases of deformation based on previous seismic data 
interpretation (Sun, 1997). Post-Delamerian (younger) contractional deformation phases 
within the Warburton Basin are also recognized in the overlying Cooper and Eromanga 
basins (Murray and Kirkegaard, 1978; Gatehouse, 1986; Roberts et al., 1990; Gravestock 
and Gatehouse, 1995; Sun, 1997; Glen, 2005; Glen, 2013). However, the expression of 
Cambrian Delamerian deformation within the eastern Warburton Basin is largely unknown. 
 
4.3. Methods 
4.3.1. Geophysics 
Gravity and aeromagnetic potential field data have been used to identify and interpret the 
location and kinematics of major faults and lineaments. I have used gridded aeromagnetic 
data with a spatial resolution of 50, 80, 250 and 400 m, and gravity data with a spatial 
resolution of 500, 800 and 1000 m. These datasets were obtained from the geological 
surveys of Queensland, New South Wales and South Australia. In order to remove the 
effects of both inclination and declination of the main field, I applied a Reduced-to-pole 
(RTP) algorithm on a total magnetic intensity (TMI) gridded map. This data processing 
algorithm allows to locate anomalies directly above their possible sources (Swain, 2000; 
Cooper and Cowan, 2005). Composite image of RTP over tilt derivate has been used to 
enable the correlation of spatially coincident features (Stewart and Betts, 2010). 
 
Eight seismic transects (Figures 4.1b and 4.4b) have been obtained from the Geological 
Survey of South Australia, all of which were migrated and 12-48 fold. For display, a 
velocity of 1.5 km/sec for Eromanga Basin and 1.8 km/sec for the underlying basins have 
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been assumed, resulting in a vertical exaggeration of 1:5. The interpretation of seismic 
horizons is based on previous work (Sun, 1997; Sun, 1998; Radke, 2009) and modified as 
required. Pre-, syn- and post- kinematic reflection packages have been identified based on 
major unconformity surfaces, interpreted based on reflection configurations such as on-lap 
and terminations of reflectors. The interpreted seismic packages and basement geology 
were constrained to stratigraphic information from adjacent drill holes (Figure 4.4a; 
Supplementary file 1).  
 
4.3.2. Petrography 
Microstructures, in particular quartz deformation fabrics, were examined in 27 core 
samples (from 25 drill holes; Figure 4.4a; Supplementary file 1), which were obtained from 
the Geological Survey of Queensland Core Library and Department of State Development 
of South Australia Core Reference Library. Thin sections were produced approximately 
perpendicular to dominant fabric(s). Deformation features in quartz grains were observed 
under polarized light microscope in order to determine approximate temperature of 
deformation (Stipp et al., 2002a; Stipp et al., 2002b; Passchier and Trouw, 2005; Derez et 
al., 2015). The geothermometer used to approximate deformation temperatures in this 
study is presented in Table 4.1. 
 
Table 4.1. Quartz damage and recovery features in different metamorphism temperature 
setting (Stipp et al., 2002a; Stipp et al., 2002b; Passchier and Trouw, 2005; Derez et al., 
2015). 
Temperature (°C) Damage feature Recovery feature 
<300 
Patchy undulose extinction (P), 
dissolution-redeposition 
- 
300 – 400 
Sweeping undulose extinction (S), 
deformation lamellae 
Bulging 
400 – 500 Flattening 
Subgrain boundary (SGR),  
straight grain boundary 
500 – 700 Lobate grain 
Interfingering boundary,  
grain boundary migration (GBM) 
>700 - 
Chessboard extinction (CBE),  
strain-free grain 
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4.3.3. K-Ar Geochronology  
20-50 gm of fresh material from four drill holes (Figure 4.4a) was used for K-Ar dating. 
Samples were disaggregated using a disc mill. Smaller 2 μm fractions were separated in 
distilled water according to Stokes’ law. Analytical methods used were X-ray diffraction 
(XRD, normal and glycolated runs), scanning electron microscope (SEM) and conventional 
K-Ar dating. The K-Ar dating technique occasionally yields anomalous old ages attributed 
to excess argon, thus such data can often provide limited insights into the age and thermal 
history of the rock (Kelley, 2002). However, developments in the quantification of argon 
chemistry can provide a framework to model in both open and closed systems. Therefore, 
the K-Ar dating technique has been done with care, following standard methods described 
in detail by Faure (1986). During the course of the study, the international standards (2 
HD-B1; Hess and Lippolt, 1994 and 1 LP6; Odin et al., 1982) were measured several 
times. The error for Ar analyses is below 1.00% and the 40Ar/36Ar value for air shots 
averaged 296.08±0.42 (n =4). The K-Ar ages were calculated using 40K abundance and 
decay constants recommended by Steiger and Jäger (1977). 
 
4.3.4. X-ray diffraction 
In order to further characterize the K-Ar samples and improve interpretation of 
geochronological results, the Kübler Index (KI), K-white mica (KWM) b cell dimension and 
mineral content of respective samples were determined using techniques described by 
Doublier et al. (2012) and Doublier et al. (2015).   
 
The KI, sometimes referred to as illite crystallinity (e.g. Frey, 1987), was measured on air-
dried preparates of the < 2µm fraction using a Bruker D4 Endeavor Diffractometer at 
Geoscience Australia (CuKα radiation at 40 kV and 40 mA; Lynxeye detector). KI is 
defined as the full width at half maximum intensity (FWHM) of the first illite-muscovite 
basal reflection ((001) peak; Kübler, 1964), and was calculated using the MacDiff 4.2.6 
software by R. Petschick (Frankfurt University). Measured FWHM values were 
transformed into KI through correlation with “CIS” standard of Warr and Rice (1994). KI 
was used to define the limits between diagenesis and low anchizone at 0.52 ∆°2Θ, low 
and high anchizone at 0.42 ∆°2Θ, and anchizone and epizone at 0.32 ∆°2Θ (Warr and 
Mählmann, 2015).  
 
K-white mica b cell dimensions (or b cell dimensions) were determined by measurement of 
the (060) peak of the potassic white mica (Sassi and Scolari, 1974) using the software 
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DIFFRACPlus (Bruker AXS®). The b cell dimension is based on the d060,331 spacing and 
on the increasing celadonite substitution that occurs with pressure increase in white mica 
(Ernst, 1963; Guidotti et al., 1989), and allows for characterization of the baric type of 
metamorphism (see review by Kisch et al., 2006). The applicability of the method is 
restricted to suitable mineral assemblages including the common pelite assemblage K-
white mica, albite and quartz, and requires at least anchizonal metamorphic grade (Padan 
et al., 1982; Frey, 1987). 
 
4.4. Results 
4.4.1. Interpretation of potential field data 
4.4.1.1. Koonenberry Belt 
Aeromagnetic data from the Koonenberry Belt show NNW-trending geophysical features 
that are characterized by intense, short-wavelength, linear to curvilinear magnetic highs 
(Figure 4.6a,c). These short-wavelength magnetic anomalies possibly correspond to 
folded metasedimentary rocks and faults in the Koonenberry Belt (Greenfield et al., 2011). 
A number of low to moderate amplitude irregular-shaped magnetic bodies have been 
identified (Figure 4.6), which coincide with gravity lows and are interpreted as granitic 
bodies. The NNW-trending linear to curvilinear magnetic features are less pronounced in 
the Bouguer gravity image (Figure 4.6c).  
 
4.4.1.2. Southwestern Thomson Orogen 
Similarly to the Koonenberry Belt, the aeromagnetic pattern of the southwestern Thomson 
Orogen is characterized by NNW-trending linear to curvilinear geophysical features. 
However, the aeromagnetic and Bouguer gravity data show a relative decrease in both 
magnetic intensity and density from Koonenberry Belt to the Thomson Orogen. The 
Olepoloko Fault (Figure 4.6) marks the boundary between the Koonenberry Belt and 
Thomson Orogen. Farther east (Figure 1), this fault shows a curvilinear ~EW trend, 
marking the boundary between the Thomson and Lachlan orogens (Figure 4.1) (Glen et 
al., 2013). Other major geophysical structures in the southwestern Thomson Orogen are 
the WNW-trending F1 and NW-trending F2 faults (Figure 4.6). Both faults were interpreted 
as dextral strike-slip faults (Abdullah and Rosenbaum, 2017). 
 
The relatively weak aeromagnetic signatures of the Thomson Orogen correspond to 
metasedimentary rocks. A number of semi-rounded to irregular-shaped low aeromagnetic 
and gravity responses correspond to granites (Purdy et al., 2018). Many of these granites 
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(e.g. Tibooburra, DIO Ella 1 and TEA Roseneath 1; Figure 4.6) are late Silurian to early 
Devonian in age (~425-415 Ma; Murray, 1986; Black, 2006; Draper, 2006; Black, 2007). 
Highly magnetized bodies have been identified along the F1 and F2 faults (Figure 4.6), 
corresponding to rocks that have high magnetic susceptibilities (such as volcanic rocks). 
 
Figure 4.6. (a-b) Pseudocolour RTP aeromagnetic and Bouguer gravity images (illuminated from the 
northeast) of the study area shown in Figure 4.1b. Grey lines indicate the state boundaries and blue lines 
denote locations of the seismic transects used in this study. (c, d) Composite image of RTP aeromagnetic 
over tilt derivative image and interpreted geological map of the area.  Circles denote boreholes, and their 
colours represent the oldest stratigraphic units logged. Data sources (geochronology): 1. Middleton et al. 
(2014), 2. Murray (1994), 3. Draper (2006), 4. Black (2007), and 5. K-Ar dating from the present study (detail 
information are given in the Table 4.3). Abbreviations: KF - Koonenberry Fault; OF - Olepoloko Fault; F1, F2 
- unnamed fault after Abdullah and Rosenbaum (2017).  
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4.4.1.3. Warburton Basin 
The Bouguer gravity image (Figure 4.6b) shows that the ENE-trending Birdsville Track and 
Gidgealpa-Merrimelia-Innamincka ridges are characterized by relatively high gravity 
values. To the east, the Gidgealpa-Merrimelia-Innamincka Ridge becomes a broad 
arcuate feature that merges or terminates against the WNW-trending F1 fault of the 
southwest Thomson Orogen (Figure 4.6).  
 
The NNW-trending linear to curvilinear aeromagnetic anomalies of both Koonenberry Belt 
and southwestern Thomson Orogen become less intense and nearly absent towards the 
eastern Warburton Basin, largely due to the masking effect of the overlying Cooper basin 
(e.g. Radke, 2009). A number of highly magnetized irregular shaped bodies have been 
identified in the eastern Warburton Basin (Figure 4.6a,c). Borehole data (Figure 4.6d) 
suggest that these magnetic bodies correspond to the Cambrian Mooracoochie Volcanics 
(~517-510 Ma; Sun and Gravestock, 2001; Draper, 2006). The aeromagnetic data show 
that a number of ENE-trending structures cut across the highly magnetized irregular-
shaped bodies along the Gidgealpa-Merrimelia-Innamincka Ridge (Figure 4.6a,c,d). 
However, the kinematics of these structures along the Gidgealpa-Merrimelia-Innamincka 
Ridge is not clear in Bouguer gravity or aeromagnetic images due to the presence of the 
thick sedimentary cover of the Cooper and Eromanga basins.  
 
4.4.2. Seismic data interpretation 
Interpretation of seismic transects (Figures 4.7-4.9) across the eastern Warburton Basin 
show that the Birdsville Track Ridge is controlled by a ~NW-dipping fault system. Along 
seismic transect 84-SFX (CDP 1500-2000; Figure 4.7a), this fault system forms an 
antiformal stack. The lowermost package (seismic package 1; Figure 4.7) is seismically 
non-reflective or weakly reflective, and is uplifted by reverse motion along the fault system 
of the Birdsville Track Ridge. Borehole information from Kalladeina 1 (Figure 4.5; Sun and 
Gravestock, 2001) suggests that this lowermost package corresponds to the basement of 
the Warburton Basin, consisting of the Cambrian Mooracoochie Volcanics at the top.  
 
A zone of moderately strong reflectors (seismic package 2a; CDP 2000-2700 along 
seismic transect 84-SFX; Figure 4.7 and CDP 3000-4000 along the seismic transect 84-
SFR; Figure 4.8b) is onlapping above the non-reflective basement. This package is 
progressively thickened towards the Birdsville Track Ridge fault system (Figures 4.7-4.8). 
To the southeast of the Birdsville Track Ridge (Figures 4.7-4.8), a seismically weak and  
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Figure 4.7. (a) Combined image of seismic reflection profiles 84-SFX, 81-KRF and 84-TQP, and their 
geological interpretation showing the major basement structures along the Birdsville Track and Gidgealpa-
Merrimelia-Innamincka ridges. (b) Highlighted part of the combined section is showing the 
tectonostratigraphic relationship within the Warburton Basin.  
 
poorly continuous package that is possibly equivalent to the seismic package 2a, can be 
identified above the non-reflective basement. This reflection package appears to pinch out 
and becomes absent above the uplifted block to the west and northwest (Figures 4.7-4.8). 
 
The overall reflection geometry of this package can be interpreted as syn-kinematic growth 
strata developed due to reverse movement along the Birdsville Track Ridge fault system 
(Figures 4.7b and 4.8b). On top of the onlapping growth strata, a parallel to sub-parallel 
southeast-dipping reflection package gradually thins towards the east (seismic package 
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2b; Figures 4.7-4.8). To the southeast of the Birdsville Track Ridge, this reflection package 
shows a minor synclinal folding (labelled “Sx” in Figures 4.7b and 4.8b). Borehole 
information from Kalladeina 1 (Figure 4.5; Sun and Gravestock, 2001) suggests that these 
two packages (2a and 2b) correspond to the middle-late Cambrian Kalladeina Formation 
(Figures 4.7 and 4.8a). The lower part of the Kalladeina Formation, represented in the  
 
Figure 4.8. (a) Combined image of seismic reflection profiles 85-XHA, 81-KRL and 82-MET; and their 
geological interpretation along the Birdsville Track and Gidgealpa-Merrimelia-Innamincka ridges. (b) Seismic 
reflection profile 84-SFR and its geological interpretation along the Birdsville Track Ridge. 
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underlying syn-kinematic growth strata (seismic package 2a), was possibly deposited 
during the initial reverse motion along the ~NW-dipping Birdsville Track Ridge fault 
system. The overlying upper part of the Kalladeina Formation (seismic package 2b) was 
likely deposited in response to fault reactivation along the Birdsville Track Ridge. 
 
Seismic interpretation across the Gidgealpa-Merrimelia-Innamincka Ridge (Figures 4.7, 
4.8a and 4.9) shows that the non-reflective or weakly reflective basement package was 
uplifted by a number of southeast-dipping faults. Seismic transect 97-HHY (Figure 4.9) 
shows that the lowermost package (seismic package 1) is characterized by weak parallel 
to sub-parallel reflectors. Tight folds that are recognized in this package (Figure 4.9) and 
interpreted as ramp anticlines, which were developed in response to the early stage of 
faulting along the Gidgealpa-Merrimelia-Innamincka Ridge. A major erosional surface 
separates the folded basement from the overlying strata and shows gentle folding along 
the Gidgealpa-Merrimelia-Innamincka Ridge (Figures 4.7, 4.8a and 4.9). To the east of the 
Gidgealpa-Merrimelia-Innamincka Ridge, weak reflectors that correspond to the upper part 
of the Kalladeina Formation, gradually become thin or absent towards the crest of the 
structural highs (Figures 4.7 and 4.8). 
 
Seismic transect 97-HHY (Figure 4.9) shows that a weakly reflective package (seismic 
package 3) overlies the basement. Borehole Bookabourdie 1 along this seismic transect 
(Figure 4.9) was drilled down to ~3.0 km depth, showing that this seismic package 
corresponds to the Ordovician Innamincka Formation. The borehole was terminated within 
the Innamincka Formation and did not encounter basement rocks. Thus, there is no clear 
information about the presence of the Kalladeina Formation beneath the Innamincka 
Formation along this seismic transect (Figure 4.9). However, based on the observation 
from the other seismic transects (Figures 4.7 and 4.8a), it is inferred that the Kalladeina 
Formation is possibly absent across this seismic transect 97-HHY (Figure 4.9).  
 
The interpreted seismic transects (Figures 4.7-4.8) show that the weakly reflective 
package of the Innamincka Formation thickens towards the SE, and gradually pinches out 
towards the west. Along the Gidgealpa-Merrimelia-Innamincka Ridge, a package of 
parallel to sub-parallel, gently onlapping reflectors (seismic package 4; Figures 4.7-4.9) is 
overlying the Kalladeina or Innamincka Formation. Available borehole information 
suggests that this seismic package corresponds to the sedimentary rocks of the Cooper 
Basin. The Cooper Basin succession is thinned near the crest of the anticlines in the east 
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along the Gidgealpa-Merrimelia-Innamincka Ridge, indicating fault movement during 
deposition. It is completely absent across the Birdsville Track Ridge to the west (Figures 
4.7-4.8). 
 
A regional unconformity can be identified based on a major truncation surface that erodes 
the basement and the overlying Kalladeina Formation, Innamincka Formation and 
undifferentiated Cooper Basin successions (Figures 4.7-4.9). The reflection package 
above the unconformity is characterized by a parallel reflection package with uniform 
thickness (seismic package 5a; Figures 4.7-4.9), representing the Eromanga Basin 
succession. The succession shows evidence for minor gentle folding across both the 
Birdsville Track and Gidgealpa-Merrimelia-Innamincka ridges (Figure 4.9), but the reverse 
faults cannot be traced across the unconformity surface at the base of Eromanga Basin 
succession.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9. Seismic reflection profile 
97-HHY and its geological 
interpretation along the Gidgealpa-
Merrimelia-Innamincka Ridge. 
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4.4.3. Petrography 
Table 4.2 presents a summary of deformation features from 27 thin sections of 25 drill 
holes that represent 6 stratigraphic units of the eastern Warburton Basin. Quartz grains 
generally show sub-rounded to sub-angular shape and patchy undulose extinction (Figure 
4.10a), which indicates deformation under temperatures of <300°C (sub-greenschist to 
greenschist facies). Two samples (BKB-1 and TTN-1) exhibit quartz grains with patchy and 
sweeping undulose extinction suggesting a minor heterogeneity of deformation 
temperature up to 400°C (Table 4.2). The observed orientation of foliation (e.g., S1 and 
S2), relative to the bedding (S0), varies from parallel to perpendicular (Figure 4.10b), 
indicating the presence of earlier folds. Micro-faulting and shear indicators were also 
observed (Figure 4.10c-d). The shear indications are commonly located in the bedding 
planes utilizing primary compositional discontinuities (Figure 4.10c). 
 
 
 
 
 
 
 
 
 
 
Figure 4.10. Photomicrographs of rock samples from 
the eastern Warburton Basin. (a) Detrital quartz 
grains with undulose extinction (white arrows) from 
Innamincka Formation BGL-1, indicating <300°C 
deformation temperature. (b) Overprinting relationship 
of S2 fabric and folded bedding parallel S1 fabric from 
Dullingari Group of STR-1. (c) Overprinting 
relationship of sheared bedding plane (S0) and 
oblique S1 fabric from Dullingari Group of BRB-1; (d) 
micro-fault from Thomson beds of HWT-1. 
 
4.4.4. K-Ar Geochronology  
K-Ar ages for the < 2µm fraction of four drill hole samples (Figure 4.4a) of slates or silty 
slates from the middle to late Cambrian Dullingari Group are presented in Table 4.3. The 
two easternmost samples from Brumby 1 and FPN Arrabury 1, yielded overlapping ages of 
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417.1±9.6 Ma and 409.84±8.34 Ma. Samples farther to the west, yielded younger ages of 
380.4±8.8 Ma (Strzelecki 1) and 236.7±5.5 Ma (Big Lake 52).    
 
Table 4.2. Observed thin sections properties. 
Drill hole 
Sample 
Code 
Location 
Depth 
(m) 
Stratigraphic 
Unit 
Lithology 
Number 
of fabrics 
observed 
Shear 
fabric 
Quartz  
damage Long. Lat. 
Spencer 2 SPC-2 139.8 -28.2 1959.7 MV 
Volcanoclastic 
rock 
0 No N/A 
Adria  
Downs 1 
ADR-1 139.3 -25.7 1527.7 MV 
Volcanoclastic 
rock 
0 No N/A 
Lycosa 1 LYC-1 140.1 -28.4 2685.2 IF 
Metasiltstone/ 
slate 
1 No N/O 
Gidgealpa 5 GGL-5A 139.9 -28.0 2657.5 MV 
Volcanoclastic 
rock 
0 No N/A 
Gidgealpa 5 GGL-5B 139.9 -28.0 2556.9 KF Metasandstone 0 No P 
Moomba  
South 1 
MMB-1A 140.2 -28.2 3006.4 LFm (DG) Meta-sandstone 1 No P 
Morney 1 MRN-1 141.6 -25.4 1969.5 ThB Silty slate 1 No P 
Mt Howitt 1 HWT-1 142.5 -26.6 2350.5 ThB Silty slate 1 No P 
Chandos 1 CND-1 143.3 -25.8 2824.9 ThB Silty slate/Slate 1 Yes P 
Munkarie  
South 1 
MKR-1 141.0 -28.6 1978.5 ThB Metasiltstone 1 No P 
Milford 1 MLF-1 142.3 -27.8 1664.9 LFm (DG) Metasandstone 1 No P 
Ingella 1 IGL-1 142.8 -25.5 2693.7 ThB Silty slate 1 No P 
Wareena 3 WRN-3 142.3 -26.9 1905 LFm (DG) Meta-sandstone 1 Yes P 
Orientos 1 ORT-1 141.4 -28.0 3211.3 LFm (DG) Metasiltsone 1 No N/O 
Baryulah 1 BYR-1 141.8 -27.8 2569.5 LFm (DG) Metasiltsone 1 No P 
Arrabury* 1 ARB-1 141.1 -27.2 2942.7 LFm (DG) Silty slate 1 No P 
Wackett 1 WKT-1 141.9 -27.5 1900.1 LFm (DG) Silty slate 1 No P 
Brumby 1* BRB-1 141.0 -28.4 2349.4 DG Slate 1 Yes P 
Big Lake 52 BL-52A 140.3 -28.2 2886 DG Silty slate 1 Yes P 
Big Lake 52* BL-52B 140.3 -28.2 2893.3 DG Silty slate 1 Yes P 
Tolachee  
East 2 
TCE-2 140.9 -28.4 2539.9 DG Silty slate/Slate 0 No N/O 
Strzelecki 1* STR-1B 140.6 -28.2 2077 DG Silty slate 2 No P 
Tinga- 
tingana 1 
TTN-1 140.09 -29.0 2200s DG Silty slate 3 No P, S 
Koonchera 1 KNC-1 140.0 -27.1 2087.6 LFm (DG) Silty slate 1 No P 
Wancoocha 1 WNC-1 140.0 -28.5 1984.3 LFm (DG) 
Metasiltstone/ 
Silty slate 
1 No P 
Bogala 1 BGL-1 142.7 -27.5 2110 IF Silty slate 0 No P 
Booka- 
bourdie 1 
BKB-1 140.5 -27.5 2957 IF Silty slate 0 No P, S 
[* Samples used for K-Ar geochronology; Abbreviations: P - patchy undulose extinction, S - sweeping undulose 
extinction, MV - Mooracoochie Volcanics, KF - Kalladeina Formation, DG - Dullingari Group, LFm - Lycosa Formation; IF 
- Innamincka Formation, ThB - Thomson beds].  
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Table 4.3. Result of metamorphic mica K-Ar geochronology.  
Drill hole  
(Sample ID) 
Depth  
(m) 
Stratigraphy Lithology 
K 
[%] 
Radiogenic 40Ar 
[mol/g] 
Radio- 
genic 40Ar 
[%] 
Deformation age 
Age 
(Ma) 
Error 
(Ma) 
Big Lake 52  
(2332670) 
2893.4  
 
 
Dullingari  
Group 
Silty slate 7.04 3.0887E-9 97.2 236.7 ± 5.5 
Brumby 1  
(2332672) 
2349.6 Slate 5.05 4.1102E-09 97.7 417.1 ± 9.6 
Strzelecki 1  
(2332673) 
2076.8 Silty slate 5.32 
 
3.9075E-09 94.2 380.4 8.8 
FPN Arrabury 1 
(2014831005) 
2942.7 Silty slate 6.24 4.980E-09 98.7 409.8 8.34 
Standards 
HD-B1-128 
HD-B1-129 
LP6-156 
Error to reference (%) 
+0.62 
-0.25 
+0.25 
 
7.96 
7.96 
8.37 
 
3.3840E-10 
3.3555E-10 
1.9285E-09 
 
91.92 
88.13 
97.59 
 
24.36 
24.15 
128.17 
 
0.37 
0.39 
1.68 
Airshot ID 
AS124-AirS-1 
AS125-AirS-2 
AS126-AirS-1 
AS136-AirS-2 
40Ar/36Ar 
294.92 
296.06 
296.63 
296.69 
+/- 
0.42 
0.56 
0.45 
0.27 
  
 
4.4.5. XRD analysis 
XRD analytical results (Table 4.4) show that all four drill hole samples (Figure 4.4a) 
contain quartz, K-white mica and albite, and some kaolinite or chlorite. All samples are of 
anchizonal metamorphic grade, reflecting sub-greenschist facies very low-grade 
metamorphic conditions. For all 4 samples the medium pressure metamorphic facies 
series is indicated by b cell dimension values ranging between 9.00 Å and 9.04 Å (Guidotti 
and Sassi, 1986). 
 
Table 4.4. Analytical results of XRD analyses. 
Drill hole 
(Sample Code) 
Depth 
(m) 
Stratigraphy Lithology 
KI 
(Δ°2Θ) 
Std. dev. 
(%) 
Metam. 
b cell dim.  
(in Å) 
Chl Kao 
Big Lake 52 
(2332670) 
2893.4  
 
 
Dullingari 
Group 
Silty  
slate 
0.451 0.80 
 
LAZ 9.004  x 
Brumby 1 
(2332672) 
2349.6 Slate 0.339 0.36 HAZ 9.027  x 
Strzelecki 1 
(2332673) 
2076.8 Silty  
slate 
0.324 0.1 HAZ 9.021  x 
FPN Arrabury 1 
(2014831005) 
2942.7 Silty  
slate 
0.435 1.86 LAZ 9.036 x  
[Abbreviations: KI - Kübler Index; Std. dev. - standard deviation; Metam. -  very low metamorphic grade, applying  
boundaries from Warr and Mählmann (2015); LAZ - low anchizone; HAZ – high anchizone; b cell dim. - K-white mica b 
cell dimension; Chl - chlorite; Kao - kaolinite; all samples contain quartz, illite/muscovite, and albite]. 
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4.5. Discussion 
4.5.1 Timing and kinematics of deformation in the Warburton Basin 
The interpretation of potential field and 2D seismic datasets (Figures 4.6-4.9) reveals that 
a series of faults occurs along the NE-trending Birdsville Track and Gidgealpa-Merrimelia-
Innamincka ridges. Although these faults do not show clear kinematic indicators in map 
view, a component of reverse movement is revealed from the interpretation of seismic data 
(Figures 4.7-4.9).  
 
Relationships between faults and stratigraphic packages suggest multiple stages of fault 
reactivation (Figure 4.11). To the southeast of the Birdsville Track Ridge (Figures 4.7-4.8), 
the presence of an antiformal stack and a syn-kinematic deposition of the lower part of the 
middle Cambrian Kalladeina Formation (seismic package 2a) indicates an early episode of 
reverse faulting (Figure 4.11b), which could be coeval with the Cambrian Delamerian 
Orogeny in the Koonenberry Belt (Foden et al., 2006; Greenfield et al., 2010; Greenfield et 
al., 2011) and northeastern Thomson Orogen (Figures 4.2 and 4.12) (Withnall et al., 
1996). The upper part of Kalladeina Formation shows a minor syncline and a gradual 
thinning towards the south or southeast of the Birdsville Track Ridge (Figures 4.7-4.8). The 
relative uplift of the basement along the Birdsville Track Ridge and related foreland loading 
likely controlled the relative subsidence within the syncline, and deposition of the upper 
part of the Kalladeina Formation (Figure 4.11c). 
 
To the east, the timing of fault movement along the east- or southeast-dipping Gidgealpa-
Merrimelia-Innamincka Ridge is not well constrained. Interpretation of seismic transects 
show that the upper part of Kalladeina Formation is pinched-out (seismic transects 84-
TQP and 82-MET; Figures 4.7 and 4.8) or absent (97-HHY; Figure 4.9) towards the 
basement high along the Gidgealpa-Merrimelia-Innamincka Ridge. Along the ridge, the 
weakly reflective basement (97-HHY; Figure 4.9) shows tighter folding than in the top 
basement unconformity. This implies that the folding within the basement is older than the 
folding at the top basement unconformity. If this is the case, the basement uplift and 
folding (in response to reverse fault movement along the Gidgealpa-Merrimelia-
Innamincka Ridge) possibly initiated at the very late stage of deposition of the Kalladeina 
Formation (Figure 4.11d) and thus can be related to the final stage of the Cambrian 
Delamerian deformation. 
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Figure 4.11. Schematic 2D models (along the combined seismic transect 84-SFX, 81-KRF and 84-TQP) 
showing stages in the tectonic evolution of the eastern Warburton Basin. Note that except the present-day 
section (i), all other restored sections (a-f) are not to scale. 
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Overlying the Kalladeina Formation, the Ordovician Innamincka Formation is also thinned 
(or absent) above the Gidgealpa-Merrimelia-Innamincka Ridge and completely absent 
above the Birdsville Track Ridge to the west (Figures 4.7-4.9). However, in between these 
two ridges, this seismically weak onlapping reflection package of the Innamincka 
Formation shows a gradual increase in thickness towards the southeast, indicating basin 
subsidence during the time of deposition (Figure 4.11e). This phase of basin subsidence is 
consistent with evidence for larger-scale rifting and subsidence that affected eastern 
Australia during the Ordovician, most likely in a back-arc setting (Glen, 2005; Fergusson 
and Henderson, 2013; Glen, 2013; Rosenbaum, 2018). A subsequent episode (Figure 
4.11f) of exhumation and erosion can explain the thinning or absence of the Innamincka 
Formation to the east of the Gidgealpa Ridge, prior to the deposition of Permian syn-
kinematic packages in the Cooper Basin (Figure 4.11g).  
 
Evidence for Carboniferous or younger contractional events is also recognized in the 
eastern Warburton Basin (Figure 4.11g,i). Onlapping reflectors of the late Carboniferous to 
Triassic Cooper Basin successions (Figures 4.7 and 4.11g) within the eastern Warburton 
Basin indicate the occurrence of a younger episode of fault reactivation. Although, none of 
the basement faults displaced the base of Eromanga Basin unconformity in the seismic 
lines presented here, the presence of minor folding of the apparently uniformly thick 
Eromanga Basin succession suggests that a younger episode of fault movement took 
place after the deposition of this uniformly thick package (Figure 4.11g). 
 
4.5.2. Evidence for low-temperature deformation in the eastern Warburton Basin   
Several lines of evidence indicate widespread deformation under sub-greenschist facies 
metamorphic conditions in the eastern Warburton Basin. KI from four samples in the 
eastern Warburton consistently indicate anchizonal (i.e. sub-greenschist) metamorphic 
grades. Samples do not show evidence for weathering or alteration, such as discrete 
smectite or smectite containing mixed layer minerals, suggesting that the KI reflects 
regional metamorphic conditions. This is consistent with the quartz deformation fabric 
analysis, which shows, with the exception of two samples, deformation at temperatures < 
300°C.  
 
The timing of deformation, as indicated by the K-Ar data, is younger than Cambrian 
Delamerian deformation discussed in the previous section. The reason for this, in my 
opinion, is related to the samples locations relative to Delamerian fold-thrust-belt. The 
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dated samples are positioned approximately 100-150 km to the east of the Birdsville Track 
Ridge thrust stack, so it is expected that in such a foreland basin position, the effect of 
Delamerian deformation was very weak (i.e., it is likely to be distal from the orogenic front). 
The Early Devonian K-Ar ages (417.1±9.6 Ma and 409.84±8.34 Ma) from drill holes 
Brumby 1 and FPN Arrabury 1 resemble ages of c. 417 Ma and c. 415 Ma (both 40Ar-39Ar 
on white mica) from the Koonenberry Belt adjacent to the south (Greenfield et al., 2010). 
These ages may reflect regional deformation related to dextral transpression in the 
Koonenberry Belt (Greenfield et al., 2010). A similar age of deformation has also been 
inferred for the activation of the orogen-perpendicular structures associated with dextral 
faulting and widespread Early Devonian igneous activities along the Thomson-Lachlan 
boundary (Dunstan et al., 2016; Abdullah and Rosenbaum, 2017; Rosenbaum, 2018).  
 
The sample from drill hole Strzelecki 1 yielded a Late Devonian K-Ar age of 380.4±8.8 Ma. 
This age is broadly synchronous both with the Alice Springs Orogeny (Pertnjara-Brewer 
events), which affected wide parts of central Australia (i.e., Haines et al., 2001), and the 
Tabberabberan Orogeny in eastern Australia (Collins and Vernon, 1992; Greenfield et al., 
2010; Fergusson, 2017). In a regional scale, the Late Devonian deformation may relate to 
the exhumation and erosion of the Innamincka Formation east of the Gidgealpa-
Merrimelia-Innamincka Ridge, prior to the syn-kinematic deposition of the Cooper Basin 
sediments (Figure 4.11f). Alternatively, the observed c. 417 Ma and c. 380 Ma K-Ar ages 
can be indicative of reactivation of the major structures in response to the back-arc basin 
opening in the northern Lachlan Orogen (i.e., the Darling Basin; Figure 4.12a) and/or the 
accretion of the Vandieland microcontinent (Figure 4.12a)  in the south Lachlan Orogen 
(Moresi et al., 2014). 
  
The K-Ar age observed in drill hole Big Lake 52 is more difficult to interpret. This younger 
(236.7±5.5 Ma) age may relate to local deformation or thermal overprint, or to Triassic 
compressional events within the Warburton Basin that have been previously suggested by 
Sun (1997) and Gatehouse (1986). 
 
4.5.3 Tectonic implications 
The ~NE-trending basement structures along the Gidgealpa-Merrimelia-Innamincka and 
Birdsville Track ridges of the eastern Warburton Basin are located to the northwest of the 
Koonenberry Belt (Figures 4.1, 4.6 and 4.12a). In the Koonenberry Belt, it has been 
suggested that the Mount Wright Volcanics were associated with an early to middle 
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Cambrian subduction system of the Paleo-pacific plate beneath eastern Gondwana 
(Greenfield et al., 2011). Based on the distribution of the Mooracoochie Volcanics (~517-
510 Ma) in the eastern Warburton Basin, it is suggested that these volcanic rocks 
represent the northward continuation of the Mount Wright Arc. Moreover, the observed 
Delamerian deformation in the eastern Warburton Basin may represent the curved 
northward continuation of the ~NNW-trending Koonenberry Belt. One limitation of this 
model is the 510±2.8 volcanic rocks (Draper, 2006) at borehole DIO Adria Downs 1 
(Figure 4.12a), which has been suggested as an equivalent to the Mooracoochie Volcanics 
(Carr et al., 2014; Purdy et al., 2016). However, the volcanic rocks from the DIO Adria 
Downs 1 do not have an arc-like signature and are more akin to A-type magmas, and 
hence cannot represent a direct equivalent of the Mount Wright Arc. 
 
Observations from seismic data demonstrate that the Cambrian syn-kinemactic 
stratigraphy of the Warburton Basin was controlled by the subsidence in a foreland setting 
and thus, the Delamerian deformation was focussed along the localized zone of the 
reverse fault movement. This observation is consistent with the Delamerian deformation 
modes in the basement terranes, such as Broken Hill in the northern Curnamona Carton 
(Figure 4.12) (Harrison and McDougall, 1981; Forbes et al., 2004), but significantly 
different from the large scale folding in the Flinders Rangers (Paul et al., 1999). Such 
comparison of the style of deformation of the Warburton basin with other component of the 
Delamerian Belt suggest that the Warburton Basin was likely to be in a more distal position 
from the orogenic front during the time of Cambrian Delamerian Orogeny.       
 
Evidence for Cambrian contractional deformation is rare or absent in the southern 
Thomson Orogen. However, in the northeastern part of the Thomson Orogen (Anakie 
Inlier), there is evidence for Cambrian deformation (Withnall et al., 1996; Fergusson et al., 
2007b; Fergusson et al., 2017) equivalent to the Delamerian deformation in the 
Koonenberry Belt (Glen, 2005; Greenfield et al., 2011) and in the Warburton Basin. The 
spatio-temporal link between the Koonenberry Belt and the northeastern Thomson Orogen 
(dashed blue line in Figure 4.12a) is consistent with detrital zircon indications for the 
Delamerian and Thomson orogens to represent segments of an originally continuous 
‘Delamerian-Thomson belt’ (Shaanan et al., 2018) that also includes the Warburton Basin. 
This Cambrian orogenic belt (Figure 4.12b) was later subjected to segmentation and 
oroclinal bending in response to late Silurian to Early Devonian crustal-scale dextral 
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Figure 4.12. (a) Illustration showing the possible correlation of the Cambrian compressional structures at the 
eastern Warburton Basin in the context of the Delamerian and Thomson orogens. The blue line represents 
the Delamerian-Thomson Orocline (after Rosenbaum, 2018). (b-c) Schematic cartoons showing the possible 
geodynamic processes associated with crustal segmentation and dextral translation. This crustal 
segmentation and dextral translation possibly controlled the early Paleozoic tectonic evolution of the eastern 
Warburton Basin in the context Delamerian and Thomson orogens. Abbreviations: AI - Anakie Inlier, BH - 
Broken Hill, CC - Curnamona Craton, DaB - Darling Basin, eWB - eastern Warburton Basin, FR - Flinders 
Ranges, KB - Koonenberry Belt, LESZ - Louth-Eumarra Shear Zone, OF - Olepoloko Fault, STO - southern 
Thomson Orogen, V - Vandieland.   
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shearing (Figure 4.12c) along the Thomson-Lachlan boundary (Dunstan et al., 2016; 
Abdullah and Rosenbaum, 2017; Rosenbaum, 2018). The Early Devonian K-Ar ages from 
the eastern Warburton Basin may reflect this phase of deformation. 
 
In the Tasmanides, episodes of trench retreat have been shown to play a crucial role in the 
evolution of the plate boundaries (Collins, 2002a, b), leading to oroclinal bends (e.g., 
Lachlan and New England oroclines; Rosenbaum et al., 2012; Moresi et al., 2014; 
Musgrave, 2015; Rosenbaum, 2018). A similar geodynamic process related to back-arc 
extension and along-strike variation of the retreating slab (Figure 4.12 b,c) may have 
followed the Cambrian Delamerian orogenic events (Figure 4.2 and references therein), 
thus ultimately controlling the origin of the curved orogenic structure of the Delamerian-
Thomson belt. 
 
4.6. Conclusion 
Results show that an arcuate fold-thrust belt system exists beneath the eastern Warburton 
Basin. Interpretation of seismic data suggests that the fold-thrust belt system underwent 
multiple phases of contractional events. The oldest syn-kinematic package identified in the 
eastern Warburton Basin corresponds to a Cambrian phase of contractional deformation 
likely associated with the Delamerian Orogeny. Therefore, I suggest that the Koonenberry 
Belt of the Delamerian Orogen continues north beneath the Warburton Basin and forms an 
oroclinal structure that was linked to a broad zone of dextral translation in the southern 
Thomson Orogen. Results from K-Ar geochronology, and evidence for very low-grade 
petrology and quartz deformation fabric analysis, suggest that rocks east of the Birdsville 
Track Ridge have not been affected by Delamerian deformation, but experienced sub-
greenschist facies metamorphism during the Early Devonian. This deformation was coeval 
with dextral shearing and crustal segmentation along the southern Thomson Orogen.
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FOREWARD: CHAPTER 5 
 
A continental-scale bend is marked by the continuation of the 
Delamerian Orogen in the southern Tasmanides and the Thomson 
Orogen in the northern Tasmanides. However, geodynamic 
processes associated with the origin of this orogenic curvature is 
largely unknown. To shed light in to this issue, this chapter provides 
results on kinematic and geometry of major faults, as well as 
information on the timing of magmatism and basin formation in the 
northern Tasmanides. Using these new results, I develop a new 
geodynamic model that explains the Paleozoic tectonic evolution of 
the eastern Gondwana margin. I thank Gideon Rosenbaum for 
discussion on this topic. This chapter also benefited from critical 
review by Bob Musgrave and an anonymous reviewer. I would also 
like to acknowledge Uri Shaanan, Richard Glen and Jason Price for 
their critical review of an earlier version of this chapter. A slightly 
modified version of this chapter has been published in Journal of 
Geophysical Research: Solid Earth and is currently in press*. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Abdullah, R. and Rosenbaum, G. 2018, Devonian crustal stretching in the northern Tasmanides (Australia) 
and implications for oroclinal bending. Journal of Geophysical Research: Solid Earth, v. 123, in 
press.  
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Chapter 5: Devonian crustal stretching in the northern Tasmanides (Australia) and 
implications for oroclinal bending 
 
Abstract 
The Tasmanides in eastern Australia exhibit a number of orogenic curvatures (oroclines), 
and possibly, a continental-scale bend that defines the continuation of the Delamerian 
Orogen with the Thomson Orogen. We provide an insight into the geodynamic processes 
associated with the origin of this orocline. We present interpretations of seismic reflection 
profiles and potential field data from the Thomson Orogen, which provide information on 
the crustal architecture and unravel major structures and kinematic relationships. Results 
show that a large area in the northern Tasmanides is underlain by thinned crust, bounded 
in the north and south by ~E-W-trending geophysical features with apparent sinistral and 
dextral sense of kinematics, respectively. Within the highly extended crust of the Thomson 
Orogen, there is evidence for widespread Devonian basins bounded by normal faults. In 
stark contrast to the southern Tasmanides, where rocks show evidence for an earlier 
(Silurian) episode of extension and a later (Devonian) alternating episode of extensional 
and contractional deformation, no evidence for Silurian syn-rift sedimentation is observed 
in the Thomson Orogen. Evidence for ~E-W-trending sinistral and dextral crustal-scale 
shear zones in the northern and southern boundaries of the Thomson Orogen, 
respectively, may represent tear faults, which were active during the Early Devonian and 
were possibly accompanied by tear-related magmatism. We suggest that crustal stretching 
in the northern Tasmanides was associated with Devonian back-arc extension in response 
to trench retreat, bounded by zones of slab-tearing and crustal segmentation that 
ultimately led to the development of the Delamerian-Thomson Orocline. 
 
5.1. Introduction 
The Tasmanides in eastern Australia record a prolonged history of convergent-margin 
tectonism that initiated in the Late Neoproterozoic to Cambrian Ross-Delamerian Orogeny 
(Stump et al., 1986; Flöttmann et al., 1993) and continued throughout the whole of the 
Paleozoic and early Mesozoic (Cawood, 2005; Glen, 2005; Glen, 2013; Rosenbaum, 
2018). Remnants of the Ross-Delamerian Orogen (Figure 5.1a) are preserved in 
Antarctica, Tasmania, and South Australia (Gibson and Ireland, 1996), and farther north in 
the Thomson Orogen (Withnall et al., 1996; Spampinato et al., 2015a; Spampinato et al., 
2015b; Shaanan et al., 2018). The Thomson Orogen is mostly unexposed but contains a 
number of Neoproterozoic and Cambrian inliers (Anakie, Charters Towers, Greenvale, 
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Barnard and Iron Range provinces; Figures 5.1b, c and 5.2) that record evidence for 
middle to late Cambrian deformation equivalent in time to the Delamerian Orogeny 
(Withnall et al., 1995; Withnall et al., 1996; Fergusson and Henderson, 2013). A 
continuous fabric linking the Delamerian and Thomson Orogens is not well defined, but the 
two orogens share an equivalent tectono-stratigraphic history (Shaanan et al., 2018). 
Accordingly, if the Delamerian and Thomson orogens were originally continuous, as their 
tectono-stratigraphic similarities suggest, this would require a large orogenic curvature 
(Figure 5.1a) herein referred to as the Delamerian-Thomson Orocline (Rosenbaum, 2018). 
The geodynamic processes associated with this orogenic-scale bending are largely 
unknown, but the availability of new geophysical and well data from the unexposed 
basement of the Thomson Orogen provides an opportunity to address this problem. 
 
Geophysical data indicate that the southern Thomson Orogen is underlain by a thick (~40-
45 km) crust (Glen et al., 2013; Abdullah and Rosenbaum, 2017), but the central and 
northern parts of the orogen are characterized by a relatively thin layered crust (Finlayson 
et al., 1990a; Finlayson et al., 1990b; Murray and Finlayson, 1990; Finlayson, 1993; 
Milligan et al., 2003; Glen, 2005; Korsch et al., 2012; Spampinato et al., 2015c). The 
nature of this basement, however, is unknown, because of the presence of sedimentary 
cover. It has been interpreted as an attenuated Precambrian continental margin (Glen, 
2005; Spampinato et al., 2015a) or, possibly, as an oceanic crust substrate (Glen et al., 
2013). The geodynamic processes responsible for crustal thinning are also unknown; they 
may have occurred in the course of the Neoproterozoic rifting of Rodinia (Veevers, 2000; 
Glen, 2005; Spampinato et al., 2015b), or during an Ordovician rifting event (‘Larapinta 
Event’) that followed the Delamerian Orogeny (Purdy et al., 2016). Alternatively, the 
presence of extensive Devonian basins within the central Thomson Orogen suggest that at 
least part of the crustal stretching was obtained much later. For example, Devonian crustal 
stretching could have been associated with overriding-plate extension in response to 
trench retreat of the eastern Gondwana subduction margin (Rosenbaum, 2018).  
 
Episodes of trench retreat have been shown to play a crucial role in the evolution of the 
southern Tasmanides (Collins, 2002a, b), leading to tight oroclinal bends (e.g., Lachlan 
and New England oroclines; Rosenbaum et al., 2012; Moresi et al., 2014). However, the 
possibility that the northern part of the Tasmanides was also subjected to overriding-plate 
extension in response to trench retreat (Rosenbaum, 2018) has received relatively little  
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Figure. 5.1. (a) Australia and Antarctica in their eastern Gondwanan configuration (modified after Boger and 
Miller, 2004), showing the possible northward continuation of Delamerian Orogen through an orogenic-scale 
curvature (green line). (b) Bouguer gravity map showing the boundary between cratonic Australia and the 
Tasmanides (thick dotted lines), major tectonic boundaries (solid black lines), generalized gravity trends 
(black dotted lines) of eastern Australia, and location of the seismic transects (blue and grey lines represent 
deep and shallow seismic transects, respectively). (c) Generalized map of eastern Australia, showing 
exposed geological units and borehole data (borehole information present the lowermost stratigraphic units 
on the site). (d) Interpreted seismic transect across the Thomson-Lachlan boundary (after Abdullah and 
Rosenbaum, 2017). [Abbreviations used in maps b and c: AB - Adavale and associated basins (B - Barrolka 
Trough, WT - Warrabin Trough), BB - Burdekin Basin, BT - Bancannia Trough, ByB - Belyando Basin, CB - 
Cobar Basin, CC - Curnamona Craton, DaB - Darling Basin, DB - Drummond Basin, KB - Koonenberry Belt, 
LESZ - Louth-Eumarra Shear Zone, MA - Macquarie Arc, NR - Nebine Ridge, OF - Olepoloko Fault, PT - 
Paka Tank Trough, STO - Southern Thomson Orogen, TB - Timbury Hills Basin]. 
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attention. The occurrence of such processes may have controlled oroclinal bending and 
segmentation of the Phanerozoic fold belts, including the Ross-Delamerian Orogen. 
 
The aim of this paper is to understand the geodynamic processes associated with the 
origin of the Delamerian-Thomson Orocline. We present new interpretations of potential 
field data and seismic transects across the northern and central part of the Thomson 
Orogen. These data allow us to unravel the kinematics of major basement structures, and 
the level of extension related to crustal thinning. The new insights on the crustal structure, 
in combination with recent results from the southern Thomson Orogen (Abdullah and 
Rosenbaum, 2017), allow us to develop a new geodynamic model that explains the 
processes of segmentation and oroclinal bending in the Ross-Delamerian belt. 
 
5.2. Geological setting 
The tectonic evolution of the Tasmanides was controlled by Phanerozoic subduction 
processes along the margin of eastern Gondwana (Cawood, 2005). The Tasmanides are 
commonly subdivided into five orogens: Delamerian, Thomson, Lachlan, Mossman and 
New England, and the timing of orogenesis and magmatism generally becomes younger 
from west to east (Glen, 2005; Rosenbaum, 2018). The dominant structural grain is 
predominantly ~N-S (Figure 5.1b), but major ~E-W lineaments also occur, for example, 
along the southern and northern boundaries of the Thomson Orogen (Figure 5.1b,c). Such 
structures may provide evidence for orogen-perpendicular structures and segmentation of 
the plate boundary (Figure 1b,d; Dunstan et al., 2016; Abdullah and Rosenbaum, 2017). 
The ~E-W structures south of the Thomson Orogen (Olepoloko Fault and Louth-Eumarra 
Shear Zone, Figure 5.1b), are commonly considered as the Thomson-Lachlan boundary 
(Glen et al., 2013), but their origin is a matter of debate (Burton, 2010; Burton and Trigg, 
2014). Here we refer to these structures as the boundary between the northern 
Tasmanides and the southern Tasmanides.  
 
The Thomson Orogen extends from the Cork Fault in the west to the unexposed basement 
beneath the Permian East Australian Rift System in the east (Figure 5.1b). The Cork Fault, 
which represents the boundary between the Precambrian North Australian Craton and the 
Tasmanides (Veevers, 2000; Glen, 2005), has been interpreted as a reactivated structure 
that formed along the Neoproterozoic rifted margin of Rodinia (Spampinato et al., 2015b; 
Spampinato et al., 2015c). Northeast of the Thomson Orogen, the Mossman Orogen 
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(Figure 5.1b,c) is represented by the mostly Silurian to Late Devonian Hodgkinson and 
Broken River provinces (Withnall and Henderson, 2012). 
 
The Neoproterozoic to Cambrian basement of the Thomson Orogen is exposed in the 
Anakie, Barnard, Charters Towers, Greenvale and Iron Range provinces (Figures 5.1c and 
 
 
Figure 5.2. Time-space diagram showing a generalized comparison between the northern and southern 
Tasmanides and North Australian Craton. [Abbreviations: Basins: AB - Adavale and associated (Warrabin, 
Barrolka, Quilpie troughs) basins; BB - Burdekin Basin, BT - Bancannia Trough; ByB - Belyando Basin; CB - 
Cobar Basin, DB - Drummond Basin, DaB - Darling Basin, PT - Paka Tank Trough, TB - Timbury Hills Basin, 
Orogenic events: DO - Delamerian Orogeny, Bio - Bindian Orogeny, BO - Benambran Orogeny, KO - 
Kanimblan Orogeny, TO - Tabberabberan Orogeny; Granites: CG - Conlea Granite, EG - Eulo Granites, HF - 
Hungerford Granite, TS - Tibooburra Suites, GSG - Granite Springs Granites, LESZG - Louth-Eumarra Shear 
Zone Granites; RSG - Roma Shelf Granites, RB - Retreat Batholith, RSB - Reedy Springs Granite, PIA - 
Pama Igneous Association, MA - Macquarie Arc, MIA - Macrossan Igneous Association; WPG - William Peak 
Granite, others: FBL - Fork Lagoon beds, LJB - Les Jumelles beds, MWV - Mount Windsor Volcanics; SMRG 
- Seventy Miles Range Group, KB - Koonenberry Belt]. Data sources: 1. Armistead and Fraser (2015), 2. 
Bembrick (1997), 3. Betts et al. (2006), 4. Bultitude and Cross (2012), 5. Cross et al. (2009), 6. Cross et al. 
(2015), 7. Cross et al. (2016), 8. Crouch et al. (1995), 9. Draper (2006), 10. Fergusson et al. (2001), 11. 
Fergusson et al. (2007a), 12. Fergusson et al. (2007b), 13. Foden et al. (2006), 14. Foster and Gray (2000), 
15. Fraser et al. ( 2014), 16. Giles et al. (2006), 17. Glen et al. (2010), 18. Glen (2005), 19. Glen et al. 
(2013), 20. Hutton et al. (1997), 21. Kositcin et al. (2015a), 22. Kositcin et al. (2015b), 23. Mathieson et al. 
(2016), 24. McKillop et al. (2005), 25. Murray (1994), 26. Neef (2004), 27. Olgers (1972), 28. Purdy et al. 
(2013), 29. VanderBerg et al. (2000), 30. Withnall et al. (1995). 
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5.2). Borehole data from other parts in the Thomson Orogen yielded predominantly 
Cambrian metasedimentary rocks with minor Ordovician volcanic rocks and abundant late 
Silurian to Devonian granites (Figures 5.1c and 5.2; Purdy et al., 2016). Overlying these 
rocks are widespread Devonian basins, covering a large area in the central Thomson 
Orogen (Figures 5.1c, 5.2) (McKillop et al., 2005). The basal package of these basins 
(Gumbardo Volcanics) is dated at ~408-385 Ma (Figure 5.2; Draper, 2006) and provides a 
constraint on the timing of basin formation. Younger, Late Devonian to Carboniferous 
basins, occur farther east (Figure 5.1c). 
 
West of the Olepoloko Fault, rift-related Ediacaran and arc-related Cambrian to Early 
Ordovician metasedimentary packages are exposed in the Koonenberry Belt of the 
Delamerian Orogen (Figures 5.1c and 5.2) (Greenfield et al., 2011; Johnson et al., 2016). 
To the southeast, the Lachlan Orogen (Figures 5.1c and 5.2) comprises Cambro-
Ordovician turbiditic successions, an Ordovician to Silurian volcanic belt (Macquarie Arc, 
Figure 5.1b) and Silurian to Devonian granitic rocks (Foster and Gray, 2000; VanderBerg 
et al., 2000; Glen et al., 2010; Glen et al., 2017; Fraser et al., 2014). In addition, there are 
widespread late Silurian to Devonian basins south of the Olepoloko Fault (Darling Basin) 
and in the Koonenberry Belt (Bancannia Trough; Figure 5.1c) (Bembrick, 1997; Neef, 
2004; Mathieson et al., 2016). Interpretation of a deep seismic transect across the 
Thomson-Lachlan boundary (Figure 5.1d) suggests that the deposition of the Darling 
Basin was initiated in a syn-rift tectonic setting during the Silurian to Early Devonian and 
was followed by inversion of major structures during the Middle to Late Devonian 
(Abdullah and Rosenbaum, 2017).  
 
Relatively little is known about the deformation history of the Thomson Orogen. The rocks 
in the northern inliers (Figure 5.1c) show evidence for deformation events in the Cambrian 
and the Silurian (Withnall et al., 1996; Fergusson and Henderson, 2013), which is 
comparable to the deformation in the Koonenberry Belt of the Delamerian Orogen (Figure 
5.2). In contrast to the Lachlan Orogen where rocks were strongly affected by Devonian 
contractional deformation (Glen, 2005; Glen, 2013), evidence for younger deformation in 
the Thomson Orogen is relatively rare. Devonian contractional deformation has been 
recorded in the Hodgkinson and Broken River provinces of the Mossman Orogen (Withnall 
and Henderson, 2012). 
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5.3. Data and methods 
To examine the subsurface geology and to recognize faults and lineaments, we used 
available borehole information, potential field (gravity and aeromagnetic) data and 2-D 
regional seismic reflection profiles. In order to enhance the signal to noise ratio in the 
aeromagnetic datasets, a number of data and image processing algorithms have been 
applied, using Geosoft’s Oasis MontajTM software. The reduced-to-pole (RTP) algorithm, 
which has been applied to the total magnetic intensity (TMI) gridded dataset. This RTP 
algorithm removes the effects of both inclination and declination of the main field, thus 
placing anomalies directly above their possible sources, providing that remanence can be 
ignored (either the Koenigsberger ratio is <<1, or remanence is close to the present field) 
(Swain, 2000; Cooper and Cowan, 2005). Tilt derivate of the RTP image has been applied 
in order to enhance geological edges and fault lineaments (Miller and Singh, 1994). A 
composite image of two different datasets (such as RTP over tilt derivate) has been 
generated, allowing the correlation of spatially coincident features (Stewart and Betts, 
2010). The gridded potential field datasets allowed us to recognize faults or lineaments 
with the sense of kinematics determined based on the offset and dragging of anomalous 
features. Lithological and geochronological data from available boreholes and their 
geophysical responses allowed us to infer basement rock distribution and to construct a 
solid geology map. 
 
A geological interpretation has been conducted for five regional seismic transects (Figure 
5.1b), four of which are deep (20 seconds two-way time) and one shallow (6 seconds two-
way time). Interpretation of these seismic transects provides information on crustal 
thickness and the kinematics and orientation of the crustal-scale structures. Seismic profile 
C is a reinterpretation of BMR 01-09-14 (Finlayson et al., 1990a; Finlayson et al., 1990b; 
Finlayson, 1993). Seismic transect D (CS86-1) and E (07GAGC1) were previously 
interpreted by Johnson and Henderson (1991) and Korsch et al. (2012); respectively. The 
interpretations of seismic profiles A (14GACF 1) and B (14GACF 2) are new and have not 
been previously published. A detailed information on survey parameters of these newly 
acquired seismic lines are given in the appendix (Supplementary file 2). With the exception 
of profile C, all seismic sections are migrated and almost free from diffractions or out-of-
plane reflections. An average velocity of 6 km/s was assumed to provide approximate 1:1 
vertical to horizontal scale. Mantle, lower crust, upper crust and sedimentary basins were 
identified based on the reflection configuration, and major faults were interpreted based on 
reflection terminations and/or offsets. 
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(Figure 5.3) 
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5.4. Results 
5.4.1. The boundary of the Thomson Orogen with the North Australian Craton 
Gridded aeromagnetic and Bouguer gravity images (Figure 5.3a-c) show that the North 
Australian Craton is characterized by prominent ~NNW-SSE-trending regional geophysical 
features. To the south, these geophysical features terminate against a ~NE-SW trending 
negative geophysical anomaly that marks the boundary between the North Australian 
Craton and the Thomson Orogen. The low magnetic responses in the Thomson Orogen 
correspond to the low magnetic susceptibilities of the metasedimentary basement rocks at 
depth.  
 
Structural interpretation of the gravity and magnetic images (Figure 5.3a-c) shows that a 
~NE-SW trending Cork Fault follows the boundary between the North Australian Craton 
and the Thomson Orogen (Figure 5.3d). The interpreted aeromagnetic image (Figure 5.3b) 
shows that a number of ~NNE-SSW trending, highly magnetized, narrow linear features 
are dextrally dragged and obliquely terminate against the Cork Fault. Similar kinematics 
can be interpreted from large sigmoidal-shaped magnetized bodies along the fault zone 
(Figure 5.3b). To the south of the Cork Fault, a number of ~NE-SW trending magnetic 
lineaments can be identified, showing dextral dragging and offset of ~N-S trending linear 
magnetic bodies (Figure 5.3b).  
 
Interpretation of the seismic transects across the boundary between the North Australian 
Craton and the Thomson Orogen (Figures 5.1b, 5.3a and 5.4a, b) shows a relatively thick 
undifferentiated crust to the north, associated with the North Australian Craton. This 
cratonic crust has a seismic signal that is weakly reflective and shows very few coherent 
reflections, resulting in a homogenous, amorphous character. In contrast, the crust of the 
northern Thomson Orogen (Figure 5.4a-b) is relatively thin and layered. The lower crust of 
the Thomson Orogen is characterized by very strong, high amplitude, reflection packages,  
 
Figure 5.3. (a) Pseudocolour RTP aeromagnetic image and available borehole information from the study 
area. Note that the borehole information represents the lowermost stratigraphic units on the site. Data 
sources: 1. Cross et al. (2015); 2. Cross et al. (2016); 3. Draper (2006); 4. Kositcin et al. (2015a); 5. Kositcin 
et al. (2015b); 6. McKillop et al. (2005); 7. Murray (1994); 8. Wood (2006). (b) Composite image of RTP 
aeromagnetic data over tilt derivative, with structural interpretation; (c) Bouguer gravity image, with structural 
interpretation; (d) Interpreted solid geology map of the area. [Abbreviations: AB - Adavale Basin, B - Barrolka 
Trough, BT - Barcoo Trough; ByB - Belyando Basin, C- Cooladdi Trough, CF - Cork Fault CaF - Canaway 
Fault; ChF - Chinaman Fault, KF - Kettle Creek Fault, MP - Maneroo Plain, Q - Quilpie Trough, WaF - 
Warbreccan Fault, WF - Warrego Fault, WT - Warrabin Trough]. 
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Figure 5.4. (a-c) Seismic reflection profiles (A-C) and interpretations (see Figure 5.1b for line locations). (d) 
Map showing depth of the Moho in eastern Australia and location of the deep seismic transects (modified 
after; Kennett et al., 2011). [Abbreviations: AI - Anakie Inlier, CT- Charters Towers Province, GP - Greenvale 
Province]. 
 
whereas the upper crust is almost free from reflections. Both North Australian Craton and 
Thomson Orogen crusts are overlain by high amplitude, continuous and parallel to sub-
parallel reflectors, which correspond to the sedimentary successions of Permian-Jurassic 
basins (Figure 5.4a-b). 
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Seismic transect A (Figure 4a) shows that the Moho occurs at ~13-13.5 s two-way time 
(TWT) beneath the undifferentiated cratonic crust that can be identified by moderately 
strong and high amplitude reflectors. Identifying the Moho in the northern part of transect B 
is more difficult but based on the presence of few very weak reflectors with poor continuity, 
we infer the Moho at ~ 14 s TWT beneath the non-reflective cratonic crust (Figure 5.4b). In 
the northern and western parts of the Thomson Orogen (Figure 5.4a, b), the Moho is 
defined by the base of lower crust which is characterized by a set of moderately strong, 
high amplitude reflectors with fair continuity.  
 
Along seismic transect A (Figure 4a), the transition from the North Australian Craton to the 
Thomson Orogen is characterized by a relatively thicker (~7-8 s TWT) lower reflective 
crust and thinner (~3-4 s TWT) non-reflective upper crust in the Thomson Orogen. In the 
southern part of seismic transect A, the reflective lower crust is significantly thinner (~4-5 s 
TWT) and the non-reflective upper crust becomes progressively thicker (~5-8 s TWT). 
Similar thinned lower crust and thick upper crust are also interpreted in the northwestern 
margin of the Thomson Orogen along seismic transect B (Figure 5.4b).  
 
The structural interpretation of seismic transect A (Figure 4a) shows that the Cork Fault is 
a south- or southeast-dipping crustal-scale structure. This fault is dipping moderately at 
depth and becomes steeper (>60°) at shallower depths. A similar south-dipping major 
structure (Figure 5.4b), which coincides with the boundary between the North Australian 
Craton and the Thomson Orogen, is interpreted along seismic transect B. Both faults show 
juxtaposition of Late Neoproterozoic to Paleozoic rocks (Thomson Orogen crust in the 
hanging-wall block) against Paleo- to Mesoproterozoic rocks (North Australian Craton 
crust in the foot-wall block). These structural relationships suggest normal kinematics 
along the boundary between the North Australian Craton and the Thomson Orogen, 
consistent with the forward modelling of the potential field data by Spampinato et al. 
(2015c). However, at a shallower depth, the Cork Fault can be interpreted as a reverse 
fault, showing minor folding and small offset near the base of the Jurassic sedimentary 
package (Figure 5.4a). To the south of the Cork Fault, the overall structural geometry 
resembles a positive flower structure (Figure 5.4a). South of the boundary, a number of 
normal faults offset the top of the thinned reflective lower crust of the Thomson Orogen 
(Figure 5.4a,b). 
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5.4.2. Central Thomson Orogen 
The central Thomson Orogen is the area northwest of the Nebine Ridge and west of the 
Anakie Inlier (Figure 5.3a). The area is characterized by a number of gravity depressions, 
which correspond to the Adavale Basin and its related sub-basins and troughs (Barrolka, 
Barcoo, Cooladdi, Quilpie, Warrabin and Westgate; Figure 5.3c). The gridded 
aeromagnetic image shows a relatively low magnetic response that likely corresponds to 
the metasedimentary basement of the Thomson Orogen. A number of regional positive 
anomalies are also present in the area and possibly correspond to moderately deep 
magnetic sources. The eastern part of the central Thomson Orogen is characterized by 
highly magnetized irregular-shaped bodies (Figure 5.3a, b) that likely result from the 
presence of igneous rocks at depth. Based on borehole data, we infer that these magnetic 
bodies may correspond to the Ordovician Maneroo Volcanics and/or Devonian Gumbardo 
Volcanics, or their equivalent rock units (Figures 5.2 and 5.3a). 
 
The Bouguer gravity image (Figure 5.3c) shows a number of ~N-S and ~NE-SW trending 
geophysical features in the central Thomson Orogen. Many of these structures correspond 
to faults (e.g., the Canaway, Warbreccan, Warrego faults) that bound the basin-related 
gravity depressions (Figure 5.3c, d). Some of these structures do not have any magnetic 
expression (Figure 5.3a, b), possibly due to the presence of the irregular-shaped highly 
magnetized bodies associated with widespread volcanic rocks at greater depth.  
 
The interpretation of seismic transect C (Figure 5.4c) shows that the central Thomson 
Orogen is characterized by a distinctive layered crust. The Moho is gently dipping towards 
the east, reaching a greater depth (~14 s TWT) beneath the Nebine Ridge (Figure 5.4c,d). 
The thickness of the lower crust is very thin (~4 s TWT) in the west and gradually 
increases towards the east (~7-8 s TWT beneath the Nebine Ridge; Figure 5.4c).  
 
The structural interpretation of the E-W seismic transect (Figure 5.4c) shows that faults in 
the Thomson Orogen penetrate the reflective lower crust and are predominantly dipping to 
the west. To the west of the Canaway Ridge (seismic line BMR 80-01; Figure 5.4c), these 
faults show a component of reverse movement and offset at the top of the non-reflective 
crust and overlying parallel reflectors (Permian to Triassic sedimentary units). East of the 
Canaway Ridge (seismic lines BMR 81-09 and BMR 84-14; Figure 5.4c), faults show a net 
normal sense of movement and offset at the top of the upper and lower crusts. Parallel to 
semi-parallel reflection packages with occasional onlapping reflection configuration 
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indicates possible syn-kinematic deposition within the fault-bounded graben or half-graben 
structures (i.e., the Quilpie, Cooladdi and Westgate troughs; Figure 5.4c). Farther east, a 
gently west-dipping crustal-scale structure (Westgate Geosuture; Finlayson, 1993) 
separates the relatively thicker reflective lower crust of the southeastern Thomson Orogen 
(i.e., beneath the Nebine Ridge; Figure 5.4c) from the central Thomson Orogen. 
 
The interpretation of the shallow seismic transect D (Figure 5.5) shows that a major west- 
or southwest-dipping basement structure separates the northeastern part of the central 
Thomson Orogen from the exposed parts of the northeastern Thomson Orogen (Charters 
Towers Province). The lowermost unit is characterized by a seismically weak reflection 
package that possibly corresponds the metasedimentary Thomson Orogen basement. To 
the west or southwest of this major fault (Figure 5.5a), a relatively high amplitude, poorly 
continuous reflection package overlies the weakly reflective basement. This high 
amplitude, but poorly continuous or chaotic reflection package is relatively thin and not 
uniformly distributed above the metasedimentary basement and can be interpreted as 
volcanic rocks. Above this inferred volcanic unit, parallel to sub-parallel reflectors show 
 
Figure 5.5. (a) Shallow seismic reflection profile D and geological interpretation showing the basement 
architecture to the south of the Charters Towers Province (after Johnson and Henderson, 1991). (b) Map 
showing basement topography and location of the shallow seismic transect. [Abbreviations: AI - Anakie 
Inlier, BB - Burdekin Basin, ByB - Belyando Basin, Bw - Bowen Basin, CB - Clarke River Basin, CT- Charters 
Towers Province, DB - Drummond Basin, NEO - New England Orogen]. 
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thickening towards the major fault to the east or northeast (Figure 5.5). The reflection 
geometry of this package resembles wedge-shaped growth strata within a half-graben 
bounded by a major fault to the northeast (Figure 5.5b). However, due to poor resolution, it 
is difficult to identify any on-lapping reflectors within this half-graben. Above the growth 
strata, reflectors are parallel with fair continuity, showing an overall uniform thickness. 
Borehole information from Campaspe DDH 1 (Figure 5.5b) suggests that these reflectors 
correspond to Early Carboniferous and younger sedimentary rocks of the Drummond 
Basin. The borehole did not intersect the underlying growth strata. We infer that this lower 
set of reflectors represent a Devonian to Early Carboniferous syn-kinematic package. East 
of the major fault, both the volcanic unit and syn-kinematic growth strata are absent, and 
overlying Carboniferous and younger sedimentary rocks are thinned or absent (Figure 
5.5b). 
 
5.4.3. Northeastern Thomson Orogen 
The northeastern Thomson Orogen covers the exposed rock units in the area of the 
Anakie Inlier, Charters Towers, and Greenvale provinces (Figures 5.3, 5.6 and 5.7). 
Gridded aeromagnetic images show a number of both high and low amplitude magnetic 
anomalies (Figures 5.6 and 5.7). The relatively low magnetic anomalies mostly correspond 
to exposed metasedimentary rocks, whereas the highly magnetized irregular-shaped 
bodies correspond to igneous intrusions and volcanic rocks (Figures 5.6 and 5.7). Many of 
these igneous rocks are Silurian to Devonian in age (Figures 5.6 and 5.7). 
 
The interpretation of aeromagnetic data shows that the ~N-S structural trend of the Anakie 
Inlier abruptly changes into ~E-W-trending in the Charters Towers Province and then 
becomes ~NE-trending in the Greenvale Province (Figures 5.6 and 5.7). A number of 
major faults (i.e., Chinaman and Kettle Creek faults; Figures 5.3 and 5.6) correspond to 
this ~N-S structural trend in the Anakie Inlier. The Chinaman Fault marks the western and 
southern boundary of the Anakie Inlier.  
 
A major ~E-W-trending structure (Policeman Fault Zone; Figures 5.6 and 5.7) may 
represent the boundary between the eastern Charters Towers Province and Anakie Inlier. 
Based on seismic interpretation (after Korsch et al., 2012), the Policeman Fault Zone is a 
south or southeast dipping reverse fault at depth (Figure 5.6d). Kinematic analysis using 
potential field data is not conclusive but may indicate a sinistral sense of movement based 
on the recognition of sigmoidal-shaped magnetized bodies along the Policeman Fault 
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Figure 5.6. (a) Basement topography, (b) Pseudocolour RTP aeromagnetic and c. Geological map of the 
northeastern Thomson Orogen. d. Seismic reflection profile E and geological interpretation after Korsch et al. 
(2012), showing the basement architecture across the northeastern Thomson Orogen. [Abbreviations: AI - 
Anakie Inlier, BB - Burdekin Basin, BP - Barnard Province, BRP - Broken River  Province, BuB - Bundock 
Basin, ByB - Belyando Basin, Bw - Bowen Basin, CB - Clarke River Basin, ChF - Chinaman Fault, CRF - 
Clarke River Fault, CT - Charters Towers Province, DB - Drummond Basin, DT - Dido Tonalite, GP - 
Greenvale Province, H - Hodgkinson Province, HRF - Halls Reward Fault, KCF - Kettle Creek Fault, LB - 
Lolworth Batholith, LMZ - Lynd Mylonite Zone, NEO - New England Orogen, NMF - Nickel Mine Fault, PF - 
Palmerville Fault, PFZ - Policeman Fault Zone, RaB - Ravenswood Batholith, RB - Retreat Batholith, RSB - 
Reedy Springs Batholith]. 
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Figure 5.7. (a) Pseudocolour RTP aeromagnetic image, (b) composite image of RTP aeromagnetic data 
over tilt derivative (60% transparent) with structural interpretation and (c) geological map of the Charters 
Towers and parts of Greenvale provinces. [Abbreviations: AHSZ - Alex Hill Zhear Zone, BMZ - Balcooma 
Mylonite Zone, ChF - Chinaman Fault, CRF - Clarke River Fault, DT - Dido Tonalite, GCF - Gray Creek 
Fault, HRF - Halls Reward Fault, JLF - Jessey Springs-Lockup Well Fault, KCF - Kettle Creek Fault, LB - 
Lolworth Batholith, LMZ - Lynd Mylonite Zone, MSZ - Mosgradies Shear Zone, MF - Millaroo Fault, NMF - 
Nickel Mine Fault, PFZ - Policeman Fault Zone, RaB - Ravenswood Batholith, RB - Retreat Batholith, RSB - 
Reedy Springs Batholith]. 
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Zone (Figure 5.7). The Burdekin Basin, which is mainly comprised of Devonian 
sedimentary rocks, overlies the northeastern part of the Charters Towers Province (Figure 
5.6). Interpretation of seismic transect E (Figure 6d) shows that a number of extensional 
faults offset the base of the Devonian sedimentary package of the Burdekin Basin (after 
Korsch et al., 2012). 
 
North of the Charters Towers Province, a curvilinear ~E-W to ~NE-trending geophysical 
structure corresponds to the Clarke River Fault, marking the boundary with the Broken 
River Province of the Mossman Orogen (Figures 5.6 and 5.7). At depth, the Clarke River 
Fault is a shallowly west-dipping reverse fault (Figure 5.6d; after Korsch et al., 2012). The 
aeromagnetic image shows evidence of sinistral dragging along the Clarke River Fault 
(Figure 5.7b), consistently with previous suggestions (Henderson et al., 2013). A number 
of other ~E-W-trending structures, located in between the Policeman and Clarke River 
faults in the western Charters Towers Province (Figures 5.6 and 5.7) also show evidence 
for sinistral kinematics. 
 
The dominant ~NE-trending geophysical features in the Greenvale Province correspond to 
a number of fault zones, including (from west to east), the Lynd Mylonite Zone, Balcooma 
Mylonite Zone, Nickel Mine Fault and Halls Reward Fault (Figures 5.6 and 5.7). Among 
these faults, the southeast-dipping Halls Rewards Fault separates the Greenvale Province 
from the Broken River Province of the Mossman Orogen. Based on the seismic data 
interpretation (after Korsch et al., 2012), the Lynd Mylonite Zone is a west dipping reverse 
fault that separates the Greenvale Province from the North Australia Craton (Figure 5.6d). 
Structural interpretation of aeromagnetic data shows evidence for dextral dragging along 
many of these faults (Figure 5.7b). To the east, these two faults abruptly terminate against 
a NW-trending geophysical feature (Figure 5.6) that possibly represents the southern 
extension of the Palmerville Fault (Vos et al., 2006). 
 
The interpretation of deep seismic transect E (after Korsch et al., 2012) shows a two-
layered crust in the northeastern Thomson Orogen (Figure 5.6d). At depth, the lower 
reflective crust of the Thomson Orogen is characterized by a series of extensional faults 
that extend down to the Moho. The upper weakly reflective crust is overlain by Ordovician 
to Silurian metasedimentary rocks of the Broken River Province and Devonian and 
younger sedimentary basins belonging to the Clarke River, Burdekin and Drummond 
basins (Figure 5.6d).  
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5.5. Discussion 
5.5.1. Structure and kinematics of the central and northwestern Thomson Orogen 
The interpretation of potential field and 2D deep seismic transects reveals that the 
boundary between the North Australian Craton and the Thomson Orogen is a NE-trending 
crustal-scale fault system (Figures 5.3 and 5.4a, b). It has previously been interpreted as a 
SE-dipping normal fault (Spampinato et al., 2015b) that developed in the course of the 
breakup of Rodinia (Veevers, 2000; Glen, 2005). Our seismic interpretation results (Figure 
5.4a, b) show a net normal fault kinematics along this boundary, but we also recognize a 
broad positive flower-like structure (seismic transect A; Figure 5.4a) that may indicate a 
later phase of transpressional reactivation (Harding, 1985; Woodcock and Fischer, 1986; 
Woodcock and Rickards, 2003). Interpretation of gridded aeromagnetic images (Figure 
5.3a, b) suggests that the kinematics associated with the Cork Fault involved a dextral 
strike-slip component. The presence of minor folding and the evidence of reverse 
movement at the base of a Permian-Jurassic basin (Figure 5.4a) indicate a younger 
episode of inversion or reverse reactivation along the boundary between the North 
Australian Craton and Thomson Orogen. 
 
Basement faults within the Thomson Orogen are predominantly low-angle and extensional 
structures (BMR 81-09, BMR 84-14 and CS 86-1; Figures 5.4c and 5.5) with few minor 
exceptions to the west, where most of the faults show reverse kinematics (BMR 80-01; 
Figure 5.4c). In the east, many of the interpreted crustal-scale structures correspond to 
~NNE trending geophysical features in the Bouguer gravity anomaly (Figures 5.1b and 
5.3b). Evidence for extensional faulting has also been recognized within the lower crust 
across the Anakie-Charters Towers-Greenvale provinces (Figure 5.6d; after Korsch et al., 
2012). Notably, this extensional deformation is absent in the North Australian Craton, thus 
suggesting that the boundary operated as a breakaway zone possibly analogous to the 
Las Vegas fault system in North America (Wernicke et al., 1988). 
 
Activities along faults within the Thomson Orogen may reflect multiple phases of 
deformation and fault reactivation. Unfortunately, the timing and deformation of these 
structures are poorly constrained. The thick accumulation of Neoproterozoic to Paleozoic 
sedimentary rocks in the Thomson Orogen may suggest an early initiation of the boundary 
fault, possibly during the Neoproterozoic breakup of Rodinia. However, in the central 
Thomson Orogen, syn-kinematic packages within fault-bounded grabens, which 
correspond to the Early Devonian Gumbardo Formation (McKillop et al., 2005; Draper, 
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2006), indicate a significant amount of extension during the Early Devonian. A Devonian to 
Early Carboniferous syn-rift package has also been interpreted along the shallow seismic 
transect (Figure 5.5) in the Drummond Basin.  
 
Reverse faults interpreted along the western part of the central Thomson Orogen (BMR 
80-01; Figure 5.4c) show offset at the top of non-reflective crust and overlying parallel 
reflectors that correspond to Permian to Middle Triassic sedimentary units of 
approximately uniform thickness. These minor reverse faults were therefore active after 
the deposition of the Permian to Middle Triassic sedimentary package and were possibly 
linked to younger orogenic events, such as the last stage of the Permian-Triassic Hunter-
Bower Orogeny (Holcombe et al., 1997; Hoy and Rosenbaum, 2017).  
 
5.5.2. Structure and kinematics of the northeastern and southern margins of the 
Thomson Orogen 
Interpretation of the seismic transect across the northeastern Thomson Orogen shows that 
the lower crust is extended (Figure 5.6d). However, at a shallower depth, major faults have 
a complex kinematic relationship. Based on the interpretation of aeromagnetic images 
(Figures 5.6 and 5.7), it appears that many of these faults had a strike-slip component with 
evidence for both sinistral and dextral kinematics. In the Charters Towers Province, E-W-
trending faults (Policeman Fault Zone and Clarke River Fault) show evidence for sinistral 
strike-slip movement, whereas in the Greenvale Province, ~NE-trending faults (Halls 
Reward and Jessey Springs-Lockup Well faults) show evidence for dextral kinematics 
(Figures 5.6 and 5.7).  
 
Constraints on the timing of fault movement is limited; however, dragging and sigmoidal-
shaped magnetized bodies that correspond to the Silurian-Devonian Reedy Springs 
Batholith, provide a minimum age constraint for the ~E-W sinistral shearing in the 
northeastern Thomson Orogen (Figure 5.7). Structural interpretation of the Belyando and 
Burdekin basins (Figures 5.5 and 5.6a,d) indicates that extensional faults were likely active 
during the Devonian. 
 
The aeromagnetic data from the southern Thomson Orogen (Figure 5.8) show that 
curvilinear E-W-trending structures correspond to relatively long wavelength linear 
geophysical anomalies (Abdullah and Rosenbaum, 2017). The kinematic analysis 
indicates a dominantly dextral strike-slip and transpressional movement along these faults  
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Figure 5.8.  (a) Pseudocolour RTP aeromagnetic image; and (b) interpreted solid geology map of the 
southern Thomson Orogen with structural interpretation (after Abdullah and Rosenbaum, 2017; Purdy et al., 
2018). Blue lines represent the location of deep seismic transects 05GATL 1 and 05GATL 2 (shown in 
Figure 5.1d). Data sources: 1. Draper (2006); 2. Bodorkos et al. (2013); 3. Bultitude and Cross (2012); 4. 
Cross et al. (2015) and 5. Fraser et al. ( 2014). [Abbreviation: ByG - Byrock Granite; CG - Currawinya 
Granite; EG - Eulo Granite; HG - Hungerford Granite; LESZ - Louth-Eumarra Shear Zone; TD - Tinchelooka 
Diorite; TG - Tibooburra Granite; TPC - Tarcoon Plutonic Complex]. 
 
(Dunstan et al., 2016; Abdullah and Rosenbaum, 2017), and the structural relationships 
indicate multi-phase reactivation history, with possible deformation during the Benambran 
(Late Ordovician to Middle Silurian) and Tabberabberan (late Early to Middle Devonian) 
orogenies (Abdullah and Rosenbaum, 2017). 
 
5.5.3. Geodynamic implications  
Results of this study highlight three important issues: (1) the possibility that a large-scale 
orocline is defined by the structure of the Thomson-Delamerian belt; (2) the role of 
Devonian crustal stretching in the northern Tasmanides; and (3) the kinematics of orogen-
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perpendicular structures. As discussed below, these findings may have important 
implications for the geodynamic evolution of eastern Gondwana. 
 
The possible existence of the ‘Delamerian-Thomson Orocline’ (Figure 5.9a) has been 
proposed by Rosenbaum (2018) based on the fact that rocks from both the southwestern 
Tasmanides (Delamerian Orogen, including the Koonenberry Belt) and northeastern 
Tasmanides (e.g., Anakie, Charters Towers and Greenvale provinces) experienced 
deformation and metamorphism during the Cambrian Delamerian Orogeny (Withnall et al., 
1996; Nishiya et al., 2003; Foden et al., 2006). It is unknown whether or not these two 
segments are connected (e.g., through an ~E-W ‘Delamerian’ basement underlying the 
southern Thomson Orogen), and additional kinematic data (e.g., from paleomagnetic 
studies) are needed in order to test whether, for example, the Koonenberry Belt and 
Anakie Inlier represent displaced segments of an originally continuous belt (Figure 5.9b). 
In any case, the recognition of a large-scale curvature in the Thomson-Delamerian belt 
(Figure 5.9a) raises questions about the mechanisms that could have led to this oroclinal 
bend. 
 
In modern geodynamic settings, the process of oroclinal bending has predominantly been 
attributed to indentation, plate boundary migration (i.e., trench retreat or advance), and 
slab tearing (Rosenbaum, 2014, and reference therein). Analogue and numerical 
experiments have demonstrated that convergent plate boundaries can become 
progressively curved and/or segmented in response to along-strike variations in the nature 
of the oceanic subducting plate, or the arrival of continental lithosphere at the subduction 
zone (Schellart and Lister, 2004; Morra et al., 2006; Boutelier and Cruden, 2013; Li et al., 
2013; Capitanio et al., 2015). The overriding plate response to this process is associated 
with vertical-axis block rotations and oroclinal bending (Bajolet et al., 2013; Capitanio, 
2014). In the southern Tasmanides, Moresi et al. (2014) have proposed such a model to 
explain oroclinal bending during the Silurian (Lachlan Orocline), in response to the 
combination of trench retreat and indentation (VanDieland microcontinent; Cayley et al., 
2011).  
 
In the Thomson-Delamerian Orocline, there is no evidence that indentation played a role 
during oroclinal bending. However, the recognition of widespread Devonian crustal 
stretching in the central part of the Thomson Orogen (Figures 5.4 and 5.5) may suggest  
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Figure 5.9. (a) Present day map of eastern Australia showing the inferred Delamerian-Thomson Orocline 
(yellow line) and evidence for crustal segmentation between the northern and southern Tasmanides. (b) 
Simplified ca 500 Ma reconstruction of the Ross(R)-Delamerian(D)-Thomson(T) Orogen along the margin of 
eastern Gondwana. (c) Back-arc extension in the Thomson Orogen in response to the along-strike variations 
of the Devonian subduction system (slab advance and retreat), accompanied by dextral shearing at the 
southern boundary and sinistral shearing at the northern boundary of the Thomson Orogen. (d) A schematic 
section across the northern Tasmanides showing the development of west-dipping normal faults within the 
extended Thomson crust as a result of Devonian back-arc extension and subduction rollback. (e) Schematic 
3-D model showing dextral shearing and crustal segmentation between the northern and southern 
Tasmanides in response to the along-strike variations of slab rollback. [Abbreviations: AI - Anakie Inlier, BP - 
Barnard Province, CC - Curnamona Craton, CT - Charters Towers Province, GP - Greenvale Province, IRP - 
Iron Range Province, KB - Koonenberry Belt, NR - Nebine Ridge, PT - Paka Tank Trough, STO - Southern 
Thomson Orogen]. 
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that this area was subjected to backarc extension in response to trench retreat (Figure 
5.9c,d). This area was devoid of Middle Devonian contractional deformation 
(Tabberabberan Orogeny), which affected large parts of the southern Tasmanides 
(VanderBerg et al., 2000; Fergusson, 2017). We suggest that this large-scale strain 
partitioning, which possibly played an important role in the formation of the Delamerian-
Thomson Orocline, was ultimately controlled by along-strike variations in the retreating 
subduction zone (Figure 5.9c).  
 
Widespread latest Silurian to Devonian magmatism occurs in the northeastern and 
southern margins of the Thomson Orogen (Figure 5.9a). Based on structural mapping, 
kinematic analysis, and geophysical interpretation, it has been suggested that the southern 
boundary of the Thomson Orogen is a crustal-scale structure that accommodated dextral 
transpression during the Early Devonian (Dunstan et al., 2016; Abdullah and Rosenbaum, 
2017). This Devonian dextral translation and contemporaneous magmatism along the 
boundary between the northern and southern Tasmanides can possibly be linked to the 
process of slab tearing and segmentation that accompanied the development of the 
Delamerian-Thomson Orocline (Rosenbaum, 2018) (Figure 5.9a).  
 
In the northeast Thomson Orogen (e.g., Charters Towers Province), ~E-W-trending 
structures accommodated sinistral shearing (Figures 5.6 and 5.7). Similarly, it is possible 
that widespread latest Silurian to Devonian magmatism and sinistral shearing was driven 
by along-strike variations in trench retreat (Figure 5.9c), giving rise to plate boundary 
segmentation and oroclinal bending (Figure 5.9a). Limited paleomagnetic data from the 
Charters Towers is consistent with block rotations in the northeastern Thomson Orogen, 
possibly during the late Silurian to Devonian (Musgrave, 2015).   
 
6. Conclusion 
The crustal structure of the Thomson Orogen shows evidence for the occurrence of 
widespread extensional basins above a highly extended lower crust. These extensional 
basins are bounded by ~NNE-trending faults. Devonian syn-kinematic packages within 
these basins indicate that the northern Tasmanides were subjected to extension during the 
Early Devonian. This phase of extensional deformation was coeval with dextral shearing 
and granitic magmatism along the boundary between the northern and southern 
Tasmanides. The age distribution of Devonian igneous rocks in the Thomson Orogen 
becomes younger towards the east, suggesting an eastward retreat of the plate boundary, 
99 
 
which may have controlled crustal thinning and extensional faulting. The widespread 
distribution of Devonian granites and crustal-scale dextral strike-slip faulting at the 
boundary between the northern and southern Tasmanides may have accommodated the 
oroclinal bending of the Delamerian-Thomson Orogen in response to slab tearing and 
crustal segmentation. 
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Chapter 6: Discussion and conclusions 
  
6.1. Introduction 
The main objective of this thesis is to shed light on the geodynamic processes that 
controlled the tectonic evolution of the eastern Gondwana margin of Australia during the 
early Paleozoic. In order to achieve this research goal, I have mainly relied on geological 
interpretation of geophysical data to present the style of deformation, timing and 
kinematics of the major fault systems and 3D crustal architecture of the Thomson Orogen 
(northern Tasmanides). The results were used to demonstrate diachronous spatio-
temporal relationships within the Tasmanides and implications on the early Paleozoic 
tectonic evolution of the eastern Gondwana margin. In the following text, I will briefly 
address key issues that have been outlined in Chapter 1. 
 
6.2. Structure, kinematics and timing of faulting at the southern and northeastern 
Thomson Orogen  
Continental-scale orogenic curvatures and orogen-perpendicular structures are marked by 
the presence of ~E-W-trending geophysical structures at the northeastern and southern 
boundaries of the Thomson Orogen. Interpretation of geophysical data shows that the ~E-
W-trending structures at the northeastern Thomson Orogen correspond to sinistral strike-
slip faulting. In contrast, the major structures in the southern Thomson Orogen show 
evidence for dextral shearing. North-dipping crustal-scale structures (e.g. Olepoloko Fault 
and Louth-Eumarra Shear Zone) separate the Thomson Orogen from Lachlan Orogen, 
corresponding to both dextral shearing and transpressional deformation. 
 
Kinematic analysis of the strike-slip and transpressional faults at the southern and 
northeastern boundaries of the Thomson Orogen reveals that these areas were subjected 
to multiple episodes of fault reactivation. Some of the faults in the southern Tasmanides 
may have been active during the Delamerian (Cambrian) Orogeny and/or subsequent 
Benambran (Late Ordovician to middle Silurian) Orogeny, but this suggestion remains 
speculative due to the lack of exact time constraints. Evidence of dragging and offset of 
Devonian granitic bodies implies that at least one phase of fault reactivation took place 
during or after the emplacement of these Devonian granites. Devonian deformation is also 
suggested for the ~E-W-trending sinistral translation in the northeastern Thomson Orogen.  
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6.3. Style of deformation and timing of faulting in the eastern Warburton basin  
The ~NE-trending fold-thrust belt system within the eastern Warburton Basin underwent 
multiple phases of contractional events. The oldest syn-kinematic package identified in the 
eastern Warburton Basin corresponds to a Cambrian phase of contractional deformation, 
likely associated with the Delamerian Orogeny that is recorded in the Koonenberry belt of 
the Delamerian Orogen and northeastern Thomson Orogen (Anakie-Charters Towers-
Greenvale provinces). 
 
Results from K-Ar geochronology, and evidence for very low-grade petrology and quartz 
deformation fabric analysis, suggest that rocks of the eastern Warburton Basin 
experienced sub-greenschist facies metamorphism during the Early Devonian. This 
deformation was coeval with Devonian dextral shearing and igneous activities that is 
recorded in the southern Thomson Orogen. 
    
6.4. Fault geometry, kinematics and deformation history of the central Thomson 
Orogen 
The crustal structure of the central Thomson Orogen shows evidence for widespread 
extensional basins above a thinned crust. The presence of Devonian syn-kinematic 
packages within these basins indicates that the northern Tasmanides were subjected to 
extensional deformation during the Early Devonian. This phase of extensional deformation 
is also coeval with Devonian strike-slip faulting and granitic magmatism at the boundaries 
of the northeastern and southern Thomson Orogen.   
 
6.5. Crustal architecture of the northern Tasmanides  
Interpretation of deep seismic data shows that the central and northwestern Thomson 
Orogen is characterized by a highly extended crust, separated from the North Australian 
Craton by the ~SE dipping Cork Fault. This extended crust becomes gradually thicker 
towards the south and east. In the southern Thomson Orogen, the crust is substantially 
thicker than the crust of the northern Lachlan Orogen, which is separated by the north-
dipping Olepoloko Fault. To the east, a zone of thicker crust has been identified beneath 
the Nebine Ridge, located south of the Anakie Inlier of the northeastern Thomson Orogen. 
 
A major lithospheric-scale change across the boundary between the northern and 
southern Tasmanides is also indicated by a contrast in seismic velocities. Results from the 
teleseismic model by Rawlinson et al. (2015) demonstrated that a north-dipping 
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lithospheric structure (i.e., the Olepoloko Fault) separates a high velocity lithosphere of 
Thomson Orogen from the relatively lower velocity lithosphere of the Lachlan Orogen. 
 
6.6. Origin of orogenic curvatures in the northern Tasmanides 
Results show that a large area in the northern Tasmanides is underlain by highly extended 
crust, bounded in the north and south by large-scale orogenic curvatures with apparent 
sinistral and dextral sense of kinematics, respectively. Within the extended crust of the 
central Thomson Orogen, there is evidence for widespread Devonian basins bounded by 
mostly west-dipping normal faults. In the southern Tasmanides, in contrast, formation of 
extensional basins commenced earlier (Silurian) and was followed in the Devonian by 
contractional deformation and basin inversion. There is no evidence for Silurian syn-rift 
sedimentation in the Thomson Orogen.  
 
The diachronous spatio-temporal relationship in the Tasmanides during the Devonian was 
likely controlled by the mobility of the subduction zone. The extensional deformation in the 
northern Tasmanides can be linked to back-arc extension during the Devonian. At about 
the same time, contractional tectonism in the southern Tasmanides may have been 
triggered in response to trench advance. In such scenario, the variations in the mobility of 
subduction zone can accommodate the orogenic curvatures in the area of the southern 
Thomson Orogen through the process of slab tearing and crustal segmentation. A similar 
mechanism can also explain the origin of orogenic curvature at the northeastern boundary 
of the Thomson Orogen. It is speculated that Devonian granitic magmatism along these 
boundaries of the Thomson Orogen were possibly linked with the process of tearing and 
segmentation.     
  
6.7. Implication for the reconstruction of the eastern Gondwana margin  
The outcomes of this thesis support my working hypothesis that the Thomson and 
Delamerian orogens formed a continuous orogenic belt along the eastern Gondwana 
margin during the early Paleozoic, which was subsequently (in the Devonian) subjected to 
slab tearing and crustal segmentation in response to variations in the rates of subduction 
rollback. Orogenic-scale dextral translation at the boundary between the northern and 
southern Tasmanides can provide a plausible explanation for oroclinal bending in the 
Delamerian-Thomson Orogen (Rosenbaum, 2018) and for the occurrence of Cambrian 
Delamerian orogeny in the northeastern Thomson Orogen (Withnall et al., 1996) which is 
situated more than a thousand kilometer apart from the Delamerian Orogen. This orogenic 
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curvature at the central Tasmanides likely affected the geometry of younger orogenic belts 
(i.e., the New England Orogen) that developed along the eastern Gondwana margin 
following the subsequent plate boundary migration. 
  
6.8. Suggestion for future research 
The geodynamic model for the tectonic evolution of the Tasmanides proposed here is 
based on the stark contrast in the spatio-temporal relationship (deformation, magmatism, 
basin formation and strike-slip faulting) between the northern and southern Tasmanides. 
This geodynamic model can be improved if the following issues are addressed: 
 
6.8.1. Tectonic relationship between the Anakie Inlier and Nebine Ridge 
The Proterozoic-Cambrian successions of the Anakie Inlier documented both Delamerian 
and Benambran deformation events. The structural overprinting of the Nebine Ridge rocks 
is similar to metamorphic rocks of the Anakie Inlier (Wood, 2006). Interpretation of deep 
seismic transects shows a zone of thicker crust and deeper Moho beneath the Nebine 
Ridge (Figure 5.4c). According to my working hypothesis, this thicker crust should be the 
subsurface extension of the Anakie Inlier. However, the relationship between these two 
units is not established. The tectonic relationship of the Anakie Inlier and Nebine Ridge 
may provide the missing link between the northeastern Thomson, ~E-W structures at the 
southern Thomson and the Delamerian Belt. 
 
6.8.2. Obtaining geochemical and geochronological constraints on tear-related 
magmatism 
A key outcome of this thesis is the possibility that the orogenic curvatures in the southern 
and northeastern Thomson Orogen were developed as result of slab tearing and crustal 
segmentation in response to variations in mobility of the subduction zone during the 
Devonian. Large-scale strike-slip movement and widespread igneous activities along these 
boundaries during the Devonian support this hypothesis. Further geochronological and 
geochemical analysis can test this hypothesis. 
 
6.8.3. Role of central Australian intra-plate deformation in the tectonic evolution of 
the eastern Gondwana margin 
Central Australia experienced two intraplate orogenic events: the late Neoproterozoic to 
early Cambrian Petermann Orogeny and the Devonian to Carboniferous Alice Springs 
Orogeny (Hand and Sandiford, 1999). Both events involved activity along ~E-W-trending 
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structures in response to a significant N-S shortening. The effect of the Petermann 
Orogeny and Alice Spring Orogeny in the Tasmanides is largely unknown and remains to 
be established. Klootwijk (2013) suggested that the Australian continent was possibly 
subjected to an escape-tectonic (extrusion) style of deformation in response to Alice 
Spring Orogeny, but this hypothesis is yet to be tested. 
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Supplementary file 1: (a) Borehole information from the eastern Warburton Basin that are used for geophysical interpretation. 
Bore-
hole 
number 
Borehole 
Name 
Lat  Long Thickness of intercepted unit (m) Bottom most unit 
Lake 
Eyre 
Basin 
Erom-
anga 
Basin 
Cooper 
Basin 
Weena 
Sand-
stone 
Innami-
ncka 
Fm 
Dullingari 
Gp 
Jena 
Basalt 
Kallad-
eina 
Fm 
DBD MV Willyama 
Supergroup/basement 
1 Weena 1 -29.09 139.85 234.7 1044.85 363.94 37.18 0 0 0 0 0 0 0 Willyama 
Supergroup/basement 
2 Cherri 1 -29.12 140.21 198.12 917.76 162.15 0 0 0 0 0 0 0 122.83 Willyama 
Supergroup/basement 
3 Gurra 1 -29.12 140.21 198.12 917.76 162.15 0 0 0 0 0 0 0 122.83 Willyama 
Supergroup/basement 
4 Fortville 3 -29.12 140.90 121.92 944.88 0 0 0 0 0 0 0 0 33.53 Willyama 
Supergroup/basement 
5 Mulga 1 -28.66 140.53 170.08 1451.46 316.68 0 0 0 0 0 0 0 35.97 Willyama 
Supergroup/basement 
6 Murteree 1 A -28.49 140.33 148.13 1409.7 7.93 0 0 0 11 0 0 0 0 Jena Basalt 
7 Big lake 1 -28.21 140.33 252.98 1872.09 933.6 0 0 0 0 0 0 0 0 Cooper Basin 
8 Dullingari 1 -28.13 140.88 124.05 1760.53 873.25 0 0 774.19 0 0 0 0 0 Dullingari Gp 
9 Dullingari North 
1 
-28.08 140.86 131.37 1781.86 1043.33 0 0 54.25 0 0 0 0 0 Dullingari Gp 
10 Lycosa 1 -28.40 140.05 340.16 1599.28 591.62 0 194 0 0 0 0 0 0 Innami-ncka Fm 
11 Merrimelia 1 -27.78 140.11 165.81 1686.15 747.37 0 162.15 0 0 0 0 0 0 Innami-ncka Fm 
12 Merrimelia 2* -27.70 140.23 195.07       883             Innami-ncka Fm 
13 Innamincka 1 -27.49 140.92 1191.77 830.27 111.56 0 1720.29 0 0 0 0 0 0 Innami-ncka Fm 
14 Coongie 1 -27.20 140.11 150.88 2083.6 936.36 0 0 0 0 553.52 0 37.5 0 MV 
15 Spencer 1 -28.17 139.87 180.14 1686.15 153.31 0 0 0 0 0 0 36.9 0 MV 
16 Gidgelpa 1 -27.94 140.08 209.7 1974.5 591.92 0 0 0 0 1086 136 0 0 DBD 
17 Gidgelpa 5 -28.02 139.98 204.83 1872.38 244.76 0 0 0 0 118 107 112 0 MV 
18 Gidgelpa 7* -28.04 140.01               764 95 47 0 MV 
19 Kalladeina 1 -27.66 139.40 138.38 1818.44 0 0 0 0 0 1582 0 112 0 MV 
20 Bookabourdie 1 -27.5371 140.484 nolog Innamincka Fm. 
21 Spencer 2 -28.1781 139.798 nolog Mooracoochie Volcanics. 
22 Adria Downs 1 -25.6935 139.344 nolog Mooracoochie Volcanics. 
23 Morney 1 -25.4402 141.591 nolog Thomson Beds. 
24 Ingella 1 -25.5318 142.789 nolog Thomson Beds. 
25 Chandos 1 -25.8357 143.328 nolog Thomson Beds. 
26 Mt Howitt 1 -26.6227 142.473 nolog Thomson Beds. 
27 Wareena 3 -26.9224 142.326 nolog Lycosa Fm. 
28 Bogala 1 -27.5327 142.261 nolog Innamincka Fm. 
29 Milford 1 -27.7988 142.315 nolog 
  
Lycosa Fm. 
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30 Baryulah 1 -27.7543 141.842 nolog Lycosa Fm. 
31 Wackett 1 -27.494 141.894 nolog Lycosa Fm. 
32 Arrabury 1 -27.1916 141.082 nolog Lycosa Fm. (Dullingari Gp.) 
33 Orientos 1 -28.056 141.428 nolog Lycosa Fm. 
34 Munkarie South 
1 
-28.5563 141.014 nolog Thomson Beds. 
35 Brumby 1 -28.4089 140.991 nolog Dullingari Gp. 
36 Tolachee East 
2 
-28.3614 140.855 nolog Narcoonowie Fm. 
37 Strzelecki 1 -28.2184 140.638 nolog Lycosa Fm. (Dullingari Gp.) 
38 Wancoocha 1 -28.5274 139.986 nolog Lycosa Fm. (Dullingari Gp.) 
39 Moomba South 
1 
-28.2469 140.215 nolog Lycosa Fm. (Dullingari Gp.) 
40 Big Lake 52 -28.2076 140.308 nolog Lycosa Fm. (Dullingari Gp.) 
41 Koonchera 1 -27.1256 139.397 nolog Dullingari Gp. 
42 Tinga-tingana 1 -29.0104 140.093 nolog Pando Fm 
 
Data for sediment to Cooper Basin strata are based on SARIG database (https://minerals.sarig.sa.gov.au/Default.aspx), Data for Warburton Basin satrata are based on Sun and 
Gravestock (2001), borehole with asterisk (*) shows repetition in stratigraphy [AbbreviationsL MV - Mooracoochie Volcanics, DBD - Diamond Bog Dolomite] 
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Supplementary file 1: (b) Borehole information from the eastern Warburton Basin that are used for thin section petrography, XRD, and 
K-Ar geochronology. 
Borehole 
number 
Borehole Name Lat  Long Used for Thin 
section study 
Sample 
code 
Thin section 
depth (m) 
Thin section sample unit Thin section lithology Used for K-Ar 
geochronology 
Used for K-Ar 
geochronology 
10 Lycosa 1 -28.40 140.05 Yes LYC-1 2685.2 Innamincka Fm. Metasiltstone/Slate   
17 Gidgelpa 5 -28.02 139.98 Yes GGL-5B 2556.9 Kalladeina Fm. Metasandstone 
Yes GGL-5A 2657.5 Mooracoochie Volcanics Altered volcanic rock 
20 Bookabourdie 1 -27.5371 140.484 Yes BKB-1 2957 Innamincka Fm. Silty slate 
21 Spencer 2 -28.1781 139.798 Yes SPC-2 1959.7 Mooracoochie Volcanics Altered volcanoclastic rock 
22 Adria Downs 1 -25.6935 139.344 Yes ADR-1 1527.7 Mooracoochie Volcanics Altered volcanoclastic rock 
23 Morney 1 -25.4402 141.591 Yes MRN-1 1969.5 Thomson Beds Silty slate 
24 Ingella 1 -25.5318 142.789 Yes IGL-1 2693.7 Thomson Beds Silty slate 
25 Chandos 1 -25.8357 143.328 Yes CND-1 2824.9 Thomson Beds Silty slate/Slate 
26 Mt Howitt 1 -26.6227 142.473 Yes HWT-1 2350.5 Thomson Beds Silty slate 
27 Wareena 3 -26.9224 142.326 Yes WRN-3 1905 Lycosa Fm (Dullingari Gp) Metasandstone 
28 Bogala 1 -27.5327 142.261 Yes BGL-1 2110 Innamincka Fm. Silty slate 
29 Milford 1 -27.7988 142.315 Yes MLF-1 1664.9 Lycosa Fm (Dullingari Gp) Metasandstone 
30 Baryulah 1 -27.7543 141.842 Yes BYR-1 2569.5 Lycosa Fm (Dullingari Gp) Metasiltsone 
31 Wackett 1 -27.494 141.894 Yes WKT-1 1900.1 Lycosa Fm (Dullingari Gp) Silty slate 
32 Arrabury 1 -27.1916 141.082 Yes ARB-1 2942.7 Lycosa Fm (Dullingari Gp) Silty slate Yes Yes 
33 Orientos 1 -28.056 141.428 Yes ORT-1 3211.3 Lycosa Fm (Dullingari Gp) Metasiltsone     
34 Munkarie South 1 -28.5563 141.014 Yes MKR-1 1978.5 Thomson Beds Metasiltsone 
35 Brumby 1 -28.4089 140.991 Yes BRB-1 2349.4 Dullingari Gp. Slate Yes Yes 
36 Tolachee East 2 -28.3614 140.855 Yes TCE-2 2539.9 Narcoonowie Fm (Dullingari Gp) Metasiltstone/Silty slate   
37 Strzelecki 1 -28.2184 140.638 Yes STR-1B 2077 Dullingari Gp Silty slate Yes Yes 
38 Wancoocha 1 -28.5274 139.986 Yes WNC-1 1984.3 Lycosa Fm (Dullingari Gp) Metasiltstone/Silty slate     
39 Moomba South 1 -28.2469 140.215 Yes MMB-1A 3006.4 Lycosa Fm (Dullingari Gp) Metasandstone 
40 Big Lake 52 -28.2076 140.308 Yes  BL-52A 2886 Dullingari Gp Silty slate 
Yes BL-52B 2893.3 Dullingari Gp Silty slate Yes Yes 
41 Koonchera 1 -27.1256 139.397 Yes KNC-1 2087.6 Dullingari Gp Silty slate     
42 Tinga-tingana 1 -29.0104 140.093 Yes TTN-1 2200s Pando Fm Silty slate 
 
Borehole with asterisk (*) shows repetition in stratigraphy
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Supplementary file 2: Background and survey parameter for deep seismic transect 
14GACF 1 and 14GACF 2 
Geoscience Australia conducted the southeastern Mt Isa 2D seismic survey in 2014. The 
survey involved the acquisition of seismic reflection and gravity data along a single 
traverse (14GACF1) from Longreach through to Four-ways via Winton. The project was a 
collaboration between Geoscience Australia and the Geological Survey of Queensland 
with funding from the Queensland Governments Greenfields 2020 Program. The primary 
objective of the survey was to image the architecture of the southeastern Mount Isa Inlier 
and nothern Galilee and Millungera Basins and to understand the structural control the 
Cork Fault plays on resources within the region. 
 
The 2014-2015 Deep Crustal Seismic Survey by Geoscience Australia was involved the 
acquisition of seismic reflection and gravity data along the traverse 14GACF2. The 
purpose of the survey was to establish the architecture of the southern Mount Isa Inlier as 
well as determining the depth of sediment cover over the Proterozoic basement. The 
project was collaboration between the Geological Survey of Queensland and Geoscience 
Australia with funding from the Queensland Governments Future Resources (Mount Isa 
Geophysics) Program. 
 
Survey details for the seismic transects 14GACF 1 and 14GACF 2 are given below – 
 
Equipment  Recorder  SERCEL 428XL 
   Geophones  Sensor 10Hz  
Data Format  LTOV2 SEG-D, 3592 SEG-D,  
Parameters  Sampling rate 2.0 ms.  Record length 20 s 
   Record length 20 s   Filters   0-200 Hz. 
Geometry  Source   3 or 4 x AHV IV Vibes 
Source array            in line 12m pad to pad, 3 x12 sec, 7.5m move-up, 
   varisweeps, 6-64 Hz, 10-96 Hz, & 8-90 Hz    
   Spread  600 channels 
  Group interval 20 meters.  
Source interval 40 or 80 meters. 
  Geophone pattern 6 in line 3.33 meters apart. 
   CDP fold  75 fold. 
 
 
 
